Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to male the world's books discoverable online. 



It has survived long enough for the copyright to c 
to copyright or whose legal copyright term has expired. Whether e 
are our gateways to the past, representing 
Marks, notations and other maiginalia present in the original volume will appear in this file - 
publisher to a library and finally to you. 



e that was never subject 
'. Public domain books 



a reminder of this book's long journey from the 



Usage guidelines 



prevent abuse by commercial parties' including placing technical restrictions on automated querying. 
Wc also ask that you: 



- Make non-commercial use of the files Wc designed Google Book Search for use by individuals, and we request (hat you u 
personal, non-commercial purposes. 



translation, optical character recognition or other areas where access 
use of public domain materials for these purposes and may be able tc 

- Maintain attribution The Google "watermark" you & 



y sort to Google's system: If you arc conducting research on machine 
3 a laigc amount of text is helpful, please contact us. Wc encourage the 



:【 and helping them find 



- Keep it legal Whatever your use, remember that you are responsible for ensuring that what you arc doing is legal. Do not assume thai just 
because wc believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is sUll in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 



About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full icxi o「 ihis book on the web 
ai| ht tp : //books . google . com/| 



1 



ELEMENTARY COURSE 



OP 



CIVIL ENGINEERING 



FOB THE USE OP 



CADETS OF THE UNITED STATES' MILITARY ACADEMl 



BY 

D. H. MAHAN, M. A, 

pftomsoR or military and civil enoinbbrino in the 

M1L1TAB7 ACADBMr. 



SIXTH EDITION, 

WITH LAROB ADBXNDA AND MANY NXW OUTS. 



NEW YORK: 
JOHN WILEY, 685 BROADWAY 



1867 



Kktubd, ttccDrdlng to act of CongreM, In the year 1S46, bj 
WILET AND PUTNAM. 
In the Clerk^ Office of tto Diftriet Coart for Um Suutbeni Dlsuid of New York. 



？ 01 



'a 



PREFACE, 



The present Edition of this Work, like the two 
preceding, has been compiled for the use of the ca- 
dets of the U. S. Military Academy, and comprises 
that part of the Course of Civil Engineering taught 
them which the Author deemed would prove the most 
useful to pupils in other seminaries, studying . for the 
profession of the civil engineer. 

In preparing this Edition, the Author has found it 
necessary to recast and rewrite the greater portion 
of the work; owing to the considerable additions 
made to it, and called for by the vast accamulation 
of important facts since the publication of the former 
editions. A new form has also been given to the 
work, in the substitution of wood-cuts in the body 
of it for the plates in the former editions, as better 
adapted to its main object as a text-book. From 
these additions and changes, the Author trusts that 
the work will be found to contain all of the essential 
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principles and facts respecting those branches of the 
subject of which it treats; and that it will prove a 
serviceable aid to instructors and pupils, in opening 
the way to a more extensive prosecution ol' die 
studies connected witn the eDgineer's art 
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CIVIL ENGINEERING. 



BUILDING MATERIALS. 

1. A KNOWLEDGE of the properties of building materials is ona 
of the most important branches of Civil Engineering. An en- 

S' eer, to be enabled to make a judicious selection of materials, 
I to apply them so that the eiids of sound economy and skilful 
workmansmp shall be equally subserved, must know their or- 
dinary durability under the various circumstances in which they 
are employed, and the means of increasing it when desirable ； 
their capacity to sustain, without injury to their physical quali- 
ties, permanent strains, whether exerted to crush them, tear them 
asunaer, or to break them transversely ； their resistance to rup- 
care and wear, from percussion and attrition ； and, finally, the 
dme and expense necessary to convert them to llie uses for which 
they may be required. 

2. The materials in general use for civil constructions may be 
arranged under the three following heads : 

Ist. Those which constitute the more, solid components of 
structures, as Stone, Brick, Woody and the Metals. 

2d. The cements in general, as Mortar^ Mastics, Glue, &c" 
which are used to unite ue more solid parts. 

3d. The various mixtures and chemical prep'^ations, as solu- 
tions of Salts, Paints, Bituminous Substances, &c" employed 
to coat the more solid parts, and protect them from the chemical 
and mechanical action of atmospneric changes, and other causes 
of destructibility. 

STONE. 

3 The term Stone, or Rock, is applied to any aggregation of 
fereral mineral substaaces. Stones, for the convenience of de» 
tcnpucnf may be arranged under three general heads ~ ihe Jtfiu 
tMUS, the argiUaceoui^ and the calcareous. 
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4. SiLiciovs Stones. The stones arranged under this head 
receive their appellation from silex, the principal constituent of the 
minerals wkxli compose them. They are also frequently design 
nated, either according to the mineral found most abundantly in 
them, or from the appearance, of the stone, a? feldspathic, quart" 
zosCj arenaceous, &c. 

5. The silicious stones generally do not effervesce with acida, 
and emit sparks when struck with a steel. They possess, in a 
high decree, the properties of strength, hardness, and durability ； 
and, although presenting great diversity in the degree of these 
properties, as well as in their structure, they furnish &n < xtensive 
variety of the best stone for the various purposes of the engineer 
and architect. 

6. SienUe, Porphyry, and Greenstone, from the abundance 
of feldspar which they contain, are often designated as feldspathic 
rocks. For durability, strength, and hardness, they may be placed 
in the first rank of silicious stones. 

7. Sienite consists of a granular aggregation of feldspar, horn- 
blende, and quartz. It furnishes one of the most valuable building 
stones, particularly for structures which require great strength, 
or are exposed to any very active causes of destructibility, as 
sea walls, lighthouses, and fortifications^ Sienite occurs in exten* 
sive beds, and may be obtained, from the localities where it is 
quarried, in blocks of any requisite size. It does not yield easily 
to the chisel, owing to its great hardness, and when coarse- 
grained it cannot be wrought to a smooth surface. Like all 
stones in which feldspar is found, the durability of sienite de- 
pends essentially upon the composition of this mineral, which, 
owing to the potash it contains, sometimes decomposes very rap- 
idly when exposed to the weather. The durability of feldspathic 
rocks, however, is very variable, even where their composition is 
the same ； no pains should therefore be spared to ascertain this 
property in stone taken from new quarries, before using it for 
important public works. 

8. Porphyry. This stone is usually composed of compact feld- 
spar, having crystals of the same, and sometimes those of othei 
minerals, scattered through the mass. Porphyry fumishes stone 纛 
of various colors and texture ； the usual color being reddish, ap 
proaching to purple, from which the stone takes its name. One 
of the most Deautiful varieties is a brecdated porphyry, consist 
ing of angular fragments of the stone united by a cement of com 
pact feldspar. Porphyry, from its rareness and extreme hardness. 
i« seldom applied to any other than ornamental purposes. The 
best known localities of sienite and porphyry are m tne neighbor 
bood of Boston. 

0. Green-stone, This stone is a mixture of hornblende witi 
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cuuunon and compact feldspar, presenting sometimes a granular 
though ususuly a compact texture. Its ordinary color, wlien dry 
18 some shade of brown ； but, when wet, it becomes green" sh^ 
from which it takes its name. Green-stone is very hard, and 
me of the most durable rocks ； but, occurring in small and 
hregular blocks, its uses as a building stone are very restricted 
When walls of this stone are built with very white mortar, they 
present a picturesque appearance, and it is on that account weU 
adapted to rural architecture. Green-stone might also be used 
as a material for road-making ； large quantities of it are annually 
taken from the principal locality of this rock in the United States, 
8o well known as the Palisades, on the Hudson, for construct- 
ing wharves, as it is found to withstand well the action of ttalt 
water. 

10. Granite and Gneiss. The constituents of these two stones 
are the same ； being a granular aggregation of quartz, feldspar, 
and mica, in variable proportions. They differ only in tbeii 
stnicture ； gneiss being a stratified rock, the ingredients of 
which occur frequently in a more or less laminated state. Gneins, 
although less yaluable than granite, owing to the effect of its 
stnicture on the size of the blocks which it yields, and from its 
not splitting as smoothly as granite across its beds of stratifica- 
tion, furnishes a building stone suitable for most architectural 
purposes. It is also a good flagging material, when it can be ob- 
tained in tliin slabs. 

Granite, varies greatly in quality, accordii% to its texture and 
the relative proportions of its constituents. When the quartz is 
in excess, it renders the stone hard and brittle, and very difficult 
to be worked with the chisel. An excess of mica usually makes 
the stone friable. An excess of feldspar gives the stone a while 
bue, and makes it freer under the chisel. The best granites are 
those with a fine grain, in which the constituents seem uniformly 
disseminated through the mass. The color of ^anite is usually 
some shade of eray ； when it varies from this, it is owing to the 
color of the feldspar. One of its varieties, known as Oriental 
gntnite, has a fine reddish hue, and is chiefly used for ornamental 
purposes. Granite is sometimes mistaken for sienite, when it 
contains but little mica. 

The quality of granite is affected by the foreign minerals whidi 
it may contain ； hornblende is said to render it tough, and schod 
makes it quite brittle. The protoxide aiyl sulphurets of iron are 
the most injurious in their effects on cranite ； the former by con 
yersion into a peroxide, and the latter oy decomposing, destroying 
the structure of the stone, and causing it to break up and disin- 
tegrate. 

Granite, gneissi and sienite, differ so little in their essential 
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qualities, as a building material, that they may be used indirfer 
cndy for all structures of a solid and durable character. They 
ore extensively quarried in most of the New England States, in 
New York, and in some of the other States intersected by the 
great range of primitive rocks, where the quarries ae contiguous 
to tide-water. 

11. Mica Slate, The constituents of this stone are quartz aiid 
mica ； the latter predominating. It is principally used as a flag 
ging stone, and as a fire stone, or lining for furnaces. 

12. Buhr, or Mill-stone. This is a very hard, durable stone, 

E resenting a peculiar, honeycomb appearance. It makes a good 
uilding material for common purposes, and is also suitable foi 
roEu; coverings. 

13. Horn-stone. This is a highly gilicious and very hard 
stone. It resembles flint in its structure, and takes its name 
from its translucent, hom-like appearance. It furnishes a very 
good road material. 

14. Steatite, or Soap-stone, This stone is a partially indura- 
ted talc. It is a very soft stone, and not suitable for ordinary 
building purposes. It furnishes a good fire-stone, and is used 
for the lining of fireplaces. 

15. Talcose Slate. This stone resembles mica slate, being an 
aggregation of auartz and talc. It is applied to the same pur- 
poses as mica slate. 

16. Sand^stone. This stone consists of grains of silicious 
sand, arising from the disintegration of silicious rocks, which are 
united by some natural cement, generally of an argillaceous or a 
silicious character. 

The strength, hardness, and durability of sand-stone vary be- 
tween very wide limits. Some varieties being little inferior to 
good granite, as a building stone, others being very soft, friable, 
and disintegrating rapidly when exposed to we weather. 、The 
least durable sand-stones are those which contain the most argil- 
laceous matter ； those of a feldspathic character are also found 
not to withstand well the action of weather. 

Sand-stone is used very extensively as a building stone, for 
flagging, for road materials, and some of its varieties furnish an 
excellent fire-stone. Most of the varieties of sand-stone yield 
readily under the chisel and saw, and split evenly, and, from 
these properties, have received from workmen the name of free 
stone. The colors of sand-stone present also a variety of shades, 
principally of brown, and red. 

The formations of sand-stone in the United States are veiy 
extensive, and a number of quarries are worked in New Englano, 
New York, and the Middle States. These fonnalions, and the 
character of the stone obtained from them, are minutely described 
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in the Geological Reports of these States, which have been pub* 
lulled within the last few years. 

Most of the stone used for the public buildings in Washixi^ton, 
is a ftand-stone obtained from quarries on Acquia Creek ana the 
Rappahannock. Much of this stone is feldspathic, possesses but 
little strength, and disintegrates rapidly. The red sand-stones 
which are used in our large cities, are either from quarries in a 
fonnation extending from the Hudson to North Carolina, or from 
a separate deposite in the valley of the Connecticut. The most 
durable and Hard pordc^ of these formations occur in the neigh 
borhood of trap dike§. The fine flagging-stone used in our cities 
is mostly obtained, either from the Connecticut quarries, or from 
others near the Hudson, iii the Catskill group of mountains. 
Many quarries, which yield an excellent building stone, are 
worked in the extensive lonnations along the Appalachian range, 
which extends through the interior, through New York and Vir- 
ginia, and the intermediate States. 

17, Ajigillaceous Stones. The stones arranged under this 
head are mostly composed of clay, in & more or less indurated 
state, and presentiiig a laminated structure. They vary greatly 
in strength, and are generally not durable, decomposing in some 
cases very rapidly, from changes in the metallic sulphurets and 
salts found in most of them. The uses of this class of stones 
are restricted to roofing and flagging. 

18. Roofing Slate. This w3l-known stone is obtained from 
a hard, indurated clay, the surfaces of the lamina having a natu- 
ral polish. The best kinds split into thin, uniform, light slabs ； 
are free from sulphurets of iron ； give a clear ringing sound when 
Btruck ； and absorb but little water. Much of the roofing slate 
quarried in the United States is of a very inferior quality, and 
becomes rotten, or decomposes, after a few years' exposure. The 
durability of the best European slate is about one hundred years ； 
and it is stated that the material obtained firom some of the quar- 
ries worked in the United States, is not apparently inferior to the 
be8t foreign slate brought into our markets. Several (marries of 
roofing slate are worked in the New England States, ISew York, 
and Pennsylvania, 

】9. Graywacke Slate, The composition of this stone is 
mostly indurated clay. It has a more earthy appearance than 
argillaceous slate, and is generally distinctly arenaceous. Ita 
colors are usually dark gray, or red. It is quarried principally 
for ilagging-stone. 

20. Hornblende Slate This stone, known also as ^eenwitone 
slate, properly belongs to the silicious class. It consists mostly 
of hornblende having a laminated structure. It » chiefly quanied 
kr flaggiog-stone. 
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21. Cjilcareous Stones. Lime is the pfnciual constituent 
of this class, the carbonates of which, known as )ime-stone and 
marble, furnish a large amount of ordinary biilding stone, most 
of the ornamental stones, and the chief ingredient in the compo- 
sition of the cements and mortars, used in stone and brick-work. 
Lime-stone eflfervescles copiously with acids ； its texture is de 
ttroyed by a strong heat, which also drives off its carbonic acid 
and water, converting it into quick lime. By absorbing water, 
quick^lime is converted into a hydrate, or slaked lime ； consider- 
able heat is evolved during this chemical change, and the stone 
increases in bulk, and gradually crumbles down into a fine 
powder. 

The lime-stones present great diversity in their physical prop- 
erties. Some of them seem as durable as the best silicious stones, 
and are but little inferior to them in strength and hardness ； others 
decompose rapidly on exposure to the weather ； and some kinds 
are so soft that, when first quarried, theyxan be scratched with 
the nail, and broken between the fingers. The lime-stones are 
generally impure carbonates ； and we are indebted to these im- 
purities for some of the most beautiful, as well as the most inval- 
uable materials used for constructions. Those which are colored 
by metallic oxides, or by the presence of other minerals, furnish 
the large number of colored and variegated marbles ； while those 
which contain a certain proportion of clay, or of magnesia, yield, 
on calcination, those cements which, from their possessing the 
property of hardening under water, have received the various 
appellations of hydraulic lime, water lime, Roman cement, &c. 

liime-stone is divided into two principal classes, granular 
lime-stone and compact lime-stone. Each of these furnishes both 
the marbles and orainary building stone. The varieties not sus- 
ceptible of receiving a polish, are sometimes called common lime- 
stone. - 

The ffranular lime-stones are generally superior to the compact 
for buildinff purposes. Those which have the finest ^in are the 
best, both Tor marbles and ordinary building stone. The coarse- 
grained varieties are frequently friable, and disintegrate rapidly 
when exposed to the weather. All the varieties, both of the com* 
pact and granular, work freely under the chisel and grit-saw, and 
, may be obtained in blocks of any suitable dimensions for the 
heaviest structures. 

The durability of lime-stone is very materially affected by the 
foreign minerals it may contain ； the presence of clay injures the 
stone, particularly when, as sometimes happens, it runs through 
the bea in very minute veins : blocks of stone having this imper- 
fection, soon separate along these veins on exposure to moisture. 
The protoxide, the protocarbonate, and the sulphuret of iron, art 
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aleo Tcry destructive in their effects ； firequently causing by then 
chemical changes, rapid disintegration. 

Among the varieties of impure carbonates of lime, the magne 
nan lime-stones, called dolomites, merit to be particularly no* 
ticed. They are regarded in Europe as a superior building 
tuaterial ； those being considered the best which are most crys- 
talline, and are composed of nearly , equal proportions of the 
carbonates of lime and magnesia. Some of tne quarries of this 
stone, which have been opened in New York and Massachusetts, 
have given a different result ； the stone obtained from them being, 
in some cases, extremely friable. 

22. Marbles, The term marble is now applied exclusively 
to any lime-stone which will receive a polish. Owing to the cost 
of preparing marble, it is restricted in its uses to ornamental pur- 
poses. The marbles present great variety, both in color aiul ap« 
pearance, and have generally received some appropriate name 
descriptiYe of these accidents. 

23. Statuary Marble is of the purest while, finest grain, and 
free from all foreign minerals. It receives that delicate polish, 
without glare, which admirably adapts it to the purposes of the 
sculptor, for whose uses it is mostly reserved. 

24. Conglomerate Marble. This consists of two varieties ； the 
one termed pudding stone, which is composed of rounded pebbles 
imbedded in compact lime-stone ； the other termed breccia, con- 
sisting of angular fragments united in a similar manner. The 
colors of these marbles are generally variegated, forming a very 
handsome ornamental material. 

25. Btrds-eye Marble. The name of this stone is descriptive 
of iis appearance, which arises from the cross sections of a pecu- 
liar fossil {fucoides demissus) contained in the mass, made in 
sawing or splitting it. 

26. Lumachella Marble, This is obtained from a lime-stone 
haTing shells imbedded in it, and takes its name from this cir- 
cumstance. , 

27. Verd Antique, This is a rare and costly variety, of a 
beautiful green color, caused by veins and blotches of serpentine 
difiused through the lime-stone. 

28. The terms veined, gSlSen^ Italian, Irish^ &c., given to 
the marbles found in our markets, are significant of their appear* 
ance, or of the localities from which they are procured, 

29. Lime-stone is so extensively diffused throughout the Un" 
tsd States, and is quarried, either for building stone or to furnish 
lime, in so many localities, that it would be impracticable to enu 
merate all within any moderate compass. One of the most re- 
markable fonnatioiis of this stone extends, in an uninterrupted 
oed, from Canada, through the States of Vermont, Mass., Conn. 
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New York, New Jersey, Penn., and Virg., and, in all probabUitjf 
much farther south. 

Marbles are quarried in various localities in the United States 
Among the most noted are the quarries in Berkshire Co., Mam., 
which furnish both pure and variegated marbles ； those on the 
Potomac, from which the columns oi conglomerate marbles were 
obtained that are feen in the interior of me Capitol at Washing- 
ton ； several in New York, which furnish white, the birds-eye, and 
•other variegated kinds; and some in Conn., which, among other 
varieties, furnish a verd antique of handsome quali^. 

Lime-stone is burned, either for building or agricultural pur- 
poses, in almost every locality where deposites of the stone occur. 
Thomastan, in Maine, has supplied for some years most of the 
markets on the sea-board with a material which is considered as 
<a superior article for ordinary building puiposes. One of the 
greatest additions to the building resources of our country, was 
made in the discovery of the hydraulic or water lime-stones of 
New York. The preparation of this material, so indispensable 
for all hydraulic works and heavy structures of stone, is carried 
on extensively at Roundout, on the Delaware and Hudson canal, 
in Madison Co., and is sent to every part of the United States, 
being in great demand for all the pubbc works carried on under 
the superintendence of our civil and military engineers. A not 
less valuable addition to our building materials has been made by 
Prof. W. B. Rogers, who, a few years since, directed the atten- 
tion of engineers to the dolomites, for their good hydraulic prop- 
STties. from experiments made by Vicat, in France, who first 
there observed tne same properties in the dolomite, and from 
those in our own country, it appears highly probable that the mag- 
iiesian lime-stones, containing a certain proportion of macnesia, 
will be found fully equal to the argillaceous, from which hydraulic 
lime has hitherto been solely obtained. 

Both of tHese lime-stones belong to very extensive foimations. 
The hycbaulic lime-stones of New York occur in a ddposite called 
the Water-lime Group, in the Geological Survey of New York 
corresponding to formation VI. of Prof. H. B. Kogers' airange* 
ment of the rocks of Penn. This formation is co-extensive with 
the Helderberg Range as it crosses New York ； it is exposed in 
many of the valleys of Penn. and Virg., west of the Great Valley. 
It may be sought for just below or not far beneath the Oriskan} 
sand-stones of the New York Survey, which correspond to form- 
ation VII. of Rogers. This sand-stone is easily recognised, being 
of a yellowish white color, gianular texture, with large cavitiei 
left by dec&yed shells. The lime-stone is usually an eaithy 
drab-colored rock, sometimes a greenish blue, wmch dof;s do 
liake after being burned. i 
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The hydraulic magnesian lime-stones belong to the foimatioim 
【L and Vl. of Rogers ； the first of these is the same as the Black 
River, or Mohawk lime-stone of the New York Survey. It is the 
oldest fossiliferous lime-stone in the United States, and occurs 
throughout the whole bed, associated with the slates which occu- 

gr fonnation III. of Rogers, and are called the Hudson River 
roup in the New. York Survey. This extensive bed lies in the 
great Appalachian Valley, known as the Valley of Lake Cham- 
plain, Valley of the Hudson, as far as the Highlands, Cumberland 
Valley, VaUey of Virginia, and Valley of East Tennessee. The 
same stone is found in the deposites of some of the western val- 
leys of the mountain region of Penn. and Virginia. 

The importance of hydraulic lime to the security of structure 騸 
exposed to constant moisture, renders a knowledge of the geo- 
lo^cal positions of those lime-stones from which it can be ob 
tamed an object of great interest. From the results of the various 
geological surveys made in the United States, and in Europe, 
lime-stone, possessing hydraulic properties when calcined, may 
be looked for among thoee beds which are found in connection 
with the shales, or other argillaceous deposites. The celebrated 
Roman, or Parker^s cement^ of England, which, from its prompt 
ioduration in water, has become an important article of commerce, 
is manufactured from nodules of a concretionary argillaceous 
lime-stone, called sejptaria, from being traversed by veins of 
sparry carbonate of mne. Nodules of this character are found 
in Mass., and in some other States ； and it is probable they would 
yield, if suitably calcined and ground, an articU in nowise inferior 
to that imported. ' 

30. Gypsum, or Plaster of Paris. This stone is a sulphate of 
lime, and has received its name from the extensive use made of 
it at Paris, and in its neighborhood, where it isjquarried and sent to 
all parts of the world ； being of a superior quality, owing, it is stated, 
to a certain portion of carbonate of lime which the stone contains. 
Gypsum is a very soft stone, and is not used as a building stone. 
Its chief utility is in fumiahiiig a beautiful material for the orna- 
mental casts and mouldings in the interior of edifices. For this 
puipose it is prepared by calcining, or, as the workmen term it, 
boiling the stone, until it is deprivSl of its water of crystallization. 
In this state it is made into a thin paste, and poured into moulds to 
form the. cast, in which it hardens very promptly. Ca lcined plaster 
of Paris is also used as a cement for stone ； but it is einmently unfit 
for this purpose ； for when exposed, in any situation, to moisture 
it absorbs it with avidity, swells, cracks, and exfoliates rapidly. 

Gypsum is found in various localities in the United States 
Large quantities of it are quarried in New York, both for build 
tng and agricultural purposes. 

2 
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31. Durability of Stone. The most important propertief 
of stone, as a building material, are its durability onder tne or 
dinary circumstances of exposure to weather ； iti capacity to 
sustain high degrees of temperature ； and its resistance to the 
destructive action of fresh and salt water. 

The wear of stone from ordinary exposure is very yariablei 
depending, not only upon the texture and constituent elements of 
the stone, but also upon the locality and the position it may oo 
ciipy in a structure, with respect to the prevailing driving rains. 
The chemist and geologist have not, thus far, laid down any in- 
fallible rules to guide the engineer in the selection of a material 
that may be pronounced durable for the ordinary period allotted 
to the works of man. In truth, the subject admits of only gen- 
eral indications ； for stones having the same texture and chemical 
composition, from causes not folly ascertained, are found to pos- 
sess very diiSferent desrees of duration. This has been particu- 
larly noted in feldspaUiic rocks. As a general rule, those stones 
which are fine-grained, absorb least water, and are of greatest 
specific gravity, are also most durable under ordinary exposures. 
The weight of a stone, however, may arise from a large propor- 
tion of iron in the state of a protoxide, a circumstance generally 
unfavorable to its durability, besides, the various chemical com 
binations of iron, potash and clay, when found in considerable 
quantities, both in the primary and sedimentary silicious rocks, 
greatly affect their durability. The potash contained in feldspar 
dissolves, and carrying off a considerable proportion of the silica, 
leaves nothing but aluminous matter behind. The clay, on the 
otjier hand, absorbs water, becomes soft, and causes the alone to 
crumble to pieces. Iron in the form of protoxide, in some cases 
only, discolors the stone by its conversion into a peroxide. This 
discoloration, while* it greatly diminishes the value of some btones, 
- as in white, marble, in others is not disajzreeable to the eye, pro 
ducing often a, mottled appearance in buudings which zAm to the 
picturesque effect. 

32. Frost, or rather the alternate actions of freezing and thaw 
ing, is the most destructive agent of Nature with wKich the en 
gineer has to contend. Its effects vary with the texture of stones ； 
Qbosd of a fissile nature usually splitting, while the more porous 

* kinds disintegrate, or exfoliate at tne sunace. When stone from 
a new quarry is to be tried, the best indication of its resistance to 
frost may be obtained from an examination of any rocks of the 
game kind, within its vicini^, which are known to have been 
exposed for a long period. Submitting the stone fresh from the 
quarry to the direct action of freezing would secra to be the most 
tertain test, were the stone destroyed by the expansive action 
one of frost : but besides the uncertainty of this test, it is knows 
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lhat some stones, which, when first quarried, are much affected 
by frost, splitting under its action, become impervious to it afte' , 
they have lost the moisture of the quarry, as they do not re-absor'^ 
near so lar^e an amount as they bring from the quarry.. 

33, M. Brard, a French chemist, has given a process for as« 
ceitaining the effects of frost on stone, which has met with the ap- 
Ifroval of many French architects aiid engineers of standing, as A 
corresponds with their experience. M. Brard directs that a small 
cubical block, about two inches on the edge, shaL 、！ e carefully 
sawed from the stone to be tested. A cold saturate, solution of 
sulphate of soda is prepared, placed over a fire, and brought to 
the boiling point. Tne stone, suspended from a string, is im- 
mersed in tne boiling liquid, and kept there during thirty minutes ； 
it is then carefully withdrawn ； the liquid is decanted free from 
nediment into a dat vessel, and the stone is suspended over it in 
a cool cellar. An efflorescence of the salt soon makes its appear- 
ance on the stone, when it must be a^n dipped into the liquid. 
This should be done once or more frequently during the day 
aod the process be continued in this way for about a week. The 
earthy sediment, found at the end of ,thi8 period in the vessel, is 
weighed, and its quantity will give an indication of the like effect 
of frost. This process, with the official statement of a commission 
of engineers and architects, by whom it was tested, is minutely 
detailed in vol. 38, Annales ae Chimie et de Physique, and the 
results are such as to commend it to the attention of engineers in 
submitting new stones to trial. 

34， By the absorption of water, stones become softer and more 
friable. The materials for road coverings should be selected 
from those stones which absorb least water, and are also hard 
and not brittle. Granite, and its varieties, lime-stone, and com-^ 
iDon sand-stone, do not make good road materials of broken stone. 
All the hornblende rocks, porphyry, compact feldspar, and the 
quartzose rock associated with graywacke, furnish good, durable 
road coverings. The fine-drained granites which contain but a 
small proportion of mica, tne fine-grained silicious sand-stones 
which are free from clay, and carbonate of lime, form a durable 
material when used in blocks for paving. Mica slate, talcose 
date, hornblende slate, some varieties of gneiss, some varieties ' 
of sand-stone of a slaty structure, and graywacke slate, yield ex- 
cellent materials for fli^-stone. 

35. The influence of locality on the durability of stone is very 
cDarked. Stone is observed to wear more rapidly in cities than 
m the country ； and the stone in those parts of edifices exposed 
to the preTaijiiig rains and winds, soonest exhibits si^s of oecay. 
The disintegration of the stratiiied stones placed in a wall, is 
mainlv affected by the position which the strata or quarry Mi 
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receiT28, with respect to the exposed surface ； proceeding fastci 
when the faces of the strata are exposed, than in the contrary 
position. 

30. Stones which resist a high degree of heat without fusing 
are used for lining furnaces, and are termed fire-stones. A good 
fire*8tone should not only be infusible, but also not liable to crack 
or exfoliate from heat. Stones that contain lime, or magnesia, 
except in the form of silicates, are usually unsuitable for fire- 
stones. Some porous silicious lime-stones, as well as some gyp- 
sous silicious rocks, resist moderate degrees of heat. Stones 
that contain much potash are very fusible under high tempera- 
tures, running into a glassy substance. Quartz and mica, in 
Taiious combinations, fiimisn a good fire-stone ； as, for example, 
finely granular quartz with thin layers of mica, mica slate of the 
same structure, and some kinds of gneiss which contain a large 
proportion of arenaceous quartz. Several varieties of sand-stone 
make a good lining for furnaces. They are usually those yarie 
-' ties which are free from feldspar, somewhat porous, and are un 
crystallized in the mass. Talcose slate likewise furnishes a good 
fire-stone. 

37. Hardness is an essential quality in stone exposed to wear 
from the attrition of hard bodies. Stones selected for paving, fl 巧- 
ging, and steps for stairs, should be hard, and of a grain sum 
cienlly coarse not to admit of becoming very smooth under the 
action to which they are submitted. As great hardness adds to 
the difficulty of working stone with the chisel, and to the cost of 
the prepared material, builders prefer the softer or free-stones^ 
such as the lime-stones and sand-stones, for most building pur* 
' poses. The following are some of the results, on this point, ob 
tained from experiment. 

Table showing the result of experiments made under the diree 
turn of Mr. Walker^ on the wear of different stones in the tram* 
way on the Commercial Road, London^ from 27th March, 
1830, to 24cth August^ 1831, being a period of veverUeetk 
months. Transactions of Civil Engineer,, roK 1. 



1 Name of itoiiie. 


Bupwarea 
in feet. 


OilgUud weight 


Losa of 
weight by 
wear. 


LoM per 
loot 


Relatlva 






cwt. 


qn. 


lbs. 








Guernsey . . . 


4.734 


7 




13.75 


4.50 


0.961 


1.000 


Herme . . • . 


5.350 


7 


3 


24.25 


6.60 


1.048 


1.103 


Budle . . . . 


6.336 








16.76 


7.76 


1.233 


1.S86 


Peterhead (blue) . 


3.484 






7.60 


6.25 


1.795 


1.887 


Heytor , , . 


4.313 


S 





15.25 


8.25 


1.916 


2.014 


Aberdeen (red) 


5.375 




2 


11.50 


11.60 


S.139 


2.S49 


Dartmoor • • • 


4.500 


6 


d 


25.00 


13.60 


8.778 


3.931 


Aberdeen (blue) • 


4.893 


6 


s 


1€ 00 


14.75 


3.068 


3.816 



■TONE. 



The \ H.iMie3rcial Road stoneway consists of twc parallel liLes 
flf rectangular tramstones, 18 inches wide by 12 inches deep, and 
jointed to each other endwise, for the wheels to travel on, with a 
common sireiil pavement between for the horses. 

The follow yag table gives the results of some experiments on 
the wear of u mie-grained sand-stone pavement, by M. Coriolis, 
during 8 ye^ts, upon the paved road from Paris to Toiilouse, the 
carriage ov<&r which is aoout 500 tons daily, published in the 
Anna£^ des Fonts et Chausiesy for March and April, 1834 



WeiglU of a 
entde foot. 


Volume of water abaorlied by the 
dry stone after one day*t Im- 
menloD, compared to that of 
Um stone. 


wear. 


158 Iba 
164 " 
156 " 
150 " 
148 " 


Neglected as insensible. 

？， ia Tolame. 

tV " 


0.1033 inch. 
0.1063 " 
0.1899 " 
0.2 1S6 " 
0.2677 " 



M. Coriolis remarks, that the weight of water absorbed afTonls 
one of the best indications of the durability of the fine-grained 
sand-stones used in France for pavements. An equally good test 
of the relative durability of stones of the same kind, M. Coriolis 
states, is the more or less clearness of sound given out by striking 
the stone with a hammer. 

The following results are taken from an article by Mr. James 
Frost, Civ. Engineer^ inserted in the Journal of the Franklin 
Institute for Oct. 1835, on the resistance of various substances 
to abrasion. The substances were abraded against a piece of 
white statuary maible, which was taken as a standard, repre- 
sented by 100," by means of fine emery and sand. The relative 
resistance was calculated from the weight lost by each substance 
during the operation. 

Comparative Resistance to Abrasion. 

Aberdeen granite . , . • 080 

I Hard Yorkshire paving stone . 837 

Italian black marble 260 

Kilkenny black marble 110 

Statuary Marble 100 

Old Portland stone 79 

Roman cement stone 69 

Fine-flnrained Neweattle gnndstone • • 63 

Stock brick 34 

Coftneograined Newcastle gnndatone 14 

Bath ttooe 19 
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LIME. 

38. Lime, considered as a building material, is now iisiiallj 
divided into three principal classes ； Common^ or Air lime, Hy 
draulic lime, and hydraulic, or Water cement. 

39. Common, or air lime, is so called because the paste made 
from it with water will harden only in the air. 

40. Hydraulic lime and hydraulic cement both take their name 
from hardemng under water. The former differs from the latter 
in two essential points. It slakes thoroughly, like common lime, 
when deprived of its carbonic acid, and it does not harden 
promptly under water. Hydraulic cement, on the contrary, does 
not slake, and usually hardens very soon. 

41. Our nomenclature, with regard to these substances, is stiU 
quite defective for scientific arrangement. For the lime-stones 
which yield hydraulic lime when completely calcined, also give 
an hydraulic cement when deprived of a portion only of their 
carbonic acid ； and other lime-stones yield, on calcination, a result 
which can neither be termed lime nor hydraulic cement, owing 
to its slaking very imperfectly, and not retaining the haidnesa 
which it quickly takes when tirst placed under water. 

M. Vicat, whose able researches into the properties of lime and 
mortars are so well known, has proposed to apply the term cement 
lime-stones {calcaires d ciment) to those stones which, when com- 
pletely calcined, yield hydraulic cement, and which under no de- 
gree of calcination, will give hydraulic lime. For the lime-stones 
which yield hydraulic lime when completely calcined, and which, 
when subjected to a degree of heat inBufficient to drive off all their 
carbonic acid, yield hydraulic cement, he proposes to retain the 
name hydraulic lime-stones ； and to call the cement obtained 
from their incomplete .calcination, under-burnt hydraulic cement, 
{ciTJients (Tincuits,) to distinguish it from that obtained from the 
cement stone. With respect to those lime-stones which, by cal- 
cination, give a result that partakes partly of the properties both 
of limes and cements, he proposes for them the name of dividing 
limes, {chaux Itmites.) 

The lennsfat and meager are also applied to limes ； owing to 
the difference in the quality of the paste obtained from them with 
the same quantity of water. The fat limes give a paste which is 
unctuous both to the sight and touch. The meager limes yield 
a thin paste. These names were of some importance when first 
introduced, as they served to distinguish common from hydraulic 
lime, the former being always fa" the latter meager ； but, latei 
experience having shown that all meager limes are not hydrau ic, 
the terms are no longer of use, except to designate qualities ot' 
the paste of limes. 



^ — 



LIME. 15 

42. Hydraulic Limes and Cements. The lime-stonts which 
yield these substances are either argillaceous, or magnesian^ oi 
argilo-magnesian. The products of their calcination vaiy con 

f siderablv in their hydraulic properties Some of the hyaraulic 
'limes harden, or set very slowly under water, while others set rap* 
idly. The hydraulic cements set in a very short time. Tlua 
diversity in the hydraulic energy of the argillaceous lime-stones, 
arises from the variable proportions in which the lime and clay 
enter into their composition. 

43. M. Petot, a civil engineer in the French service, in an able 
work entitled Recherches sur la Chauffoumerie, gives the follow- 
ing table, exhibiting these combinations, and the results obtained 
from their calcination. 



Lhne. 


Clay. 


Besnltiiig products. 


DIstlnctiTe chancten of the products. 


100 





Very fat lime. 


Incapable of hardening in water. 


90 


10 


Lime a little hydraulic. 


C Slakes like pure lime, when 


80 


20 


do. quite hydraulic. 


< properly calcined, and hard- 
f ens under water. 


70 


30 


do. , do. 


60 


40 


Plastic, or hydraulic cement. 


i Does not •lake under any cir- 


60 


50 


do. 


< cumstancds, and hardens ud- 


40 


60 


do. 


f der water with rapidity. 


30 


70 


Calcareous pazzolano (brick). 


i Does not slake nor harden ud - 


20 


80 


do. do. 


< der water, unless mixed with 


10 


00 


do. do. 


i a fat, or an hydraulic lime. 





100 


Puzzolano of pare clay do. 


Same as the preceding. 



44. The most celebrated European hydraulic cements are ob- 
tained from argillaceous lime-stones, which vary but slightly in 
their constituent elements and properties. The following table 
gives the results of analyses to determine the relative proportions 
of lime and clay in these cements. 



Table of Foreign Hydraulic Cements, showing the relative pro- 
portions of Clay and Lime contained in them. 



LOOAUTf. 


Lime. 


Clay. 


English, (commonly known as Parker^s, or Raman temeiU) 
French, (made from Boulogne pebbles) • • • 

Do. da 

Do. (Baye) - ♦ 

I 


o o CO o» Q 
o 00 m <D o 

lO to ^ O) o« to 


O O CO 00 O 
«0 O «H «D CO O 

^ ^ lO CD CO 



The hydraulic cements used in England are obtained frofl* 
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rariouB localities and differ but little in the relative propoitiom 
of lime and clav found in them. Parker's cement, so called from 
the name of the person who first introduced it, is obtained by 
calcining nodules of septaria. The composition of these nodules 
IS the same as that of the Boulogne pebbles found on the opposite 
coast of France. The stones which furnish the Englisn and 
French hydraulic cements, contain but a very smtUl amount of 
magnesia. 

45. The best known hydraulic cements of the United States, 
are manufactured in the State of New York. The following 
analyses of some of the hydraulic lime-stones, from the most 
noted localities, published in the Geological Report of the State 
qf New York, 1839, are given by Dr. Seek. 



Analysis of the Manlius Hydraulic Lime'SUme. 



Carbonio acid 39.80 

Lime S6.24 

Magnesia 18.80 

Silica and alamina • . . . 13.50 

Oxido of iron 1.35 

Moisture and Iom 1.41 



100.00 



This stone belongs to the same bed which yields the hydraulic 
cement obtained near Kingston, in Upper Canada. 



Analysis of the Chittenango Hydraulic Limestone^ btfore and 

after ccJcination. 





Unbonit 




Bamt 


Caibonie aeid • 

Lime 

Magnesm • * • . 
Silica . . . . 
Alurina • • • 
Peroxide of iroc • • 
Moiaturo • • 




Caibonic acid and moiBtnre 

Magnesia • 

Silicft 

Alamina and oxide of iron 






100.00 




100.00 







LIMB. 17 

Analysis of the Hydraulic Lime^stone from Ulster Co^ aUmg 
the line of the Delaware and Hudson Canal, before and after 
burning. 





Unbwnt. 


Burnt. 






5 




S5.50 


37.60 




13.35 


16.65 




15.37 


23.75 














Bilomiaous matter, moisture, And loss 


1.20 


1.30 




100.00 


100.00 



The hydraulic cement from this last locality has become gen- 
erally well known, having been successfully used for most of the 
military and civil public works on the sea-board. 

From the results of the analyses of all the above limestones, it 
appears that the proportions of lime and clay contained in them 
place them under the head of hydraulic cements, according to the 
classification of M. Petot. They do not slake, and they all set 
rapidly under water. 

46. The discovery of the hydraulic properties of certain mag 
aesian lime-stones is of recent date, and is due to M. Vicat, who 
first drew attention to the subject. M. Vicat inclines to the 
opinion, that magnesia alone, without the presence of some clay, 
will yield only a feeble hydraulic lime. He states, that he has 
never been able to obtain any other, from proceeding synthetically 
with common lime and magnesia ； and that he knows of no well- 
authenticated instance in which any of the dolomites, either of 
the primitive or transition formations, have yielded a good hydrau 
lie lime. The stones from these formations, he states, are devoid 
of clay ； being very pure crystalline carbonates, or else contain 
silex only in the state of fine sand. From M. Vicat's experi- 
ments, it is rendered certain that carbonate of marnesia in combi- 
nation with carbonate of lime, in the proportion of 4o parts of the 
latter to from 30 to 40 of the former, will produce* a feebly hy 
draulic lime, which does not appear to increase in hardness after 
it has once set ； but that with the same proportions, some hup 
dredths of clay are requisite to give hydraulic energy to the com- 
pound. 、 This proportion of clay M. Vicat supposes may cause 
the formation oi tnple hydro-silicates of lime, alumina, and mag 
nena, baying all the characteristic properties of good hydraulic 
lime. 

47» The hydraulic properties of the magnesian lime-stones of 

3 
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the United States were noticed by Professor W. B. Hogcra, wb , 
in his Report of the Geological Survey of Virginia, 1838. ha 壽 
ffiven the loUowing analyses of some of the stones from different 
locaUtien. 





No. I. 


No. 9. 


No. S. 


No 4 


Carbonate of lime .... 


56 do 


53.23 


48.20 


55.03 


Carbonate of magnesia • . . 


3D.20 


41.00 


35.76 


84.16 


Alumina and oxide of iron • • 


1.50 


0.80 


1.30 


2.60 


Silica and insoluble matter • • 


3.50 


2.80 


19.10 


15.30 


Water 


0.40 


0.40 


2.73 


1.20 


Lobs • 


0.60 


1.77 


0.01 


1.71 




100.00 


100.00 


100.00 


100.00 



The lime-stone No. 1 of the above table is from Sheppardstown 
on the Potomac, in Virginia ； it is extensively manuiactured for 
hydraulic cement. No. 2 is from the NaturaJ Bridge, and banks 
of Cedar Creek, Virginia ； it makes a good hydraulic cement. 
No. 3 is from New York, an^i is extensively burnt for cement. 
No. 4 is from Louisyille, Kentucky; said to make a good cement. 

48. M. Vicat states, that a magnesian lime-stone of France 
containing the following constituents, lime 40 parts, magnesia 21, 
and silica 21, yields a. good hydraulic cement ； and he gives the 
following analysis of a stone which gives a good hydraulic lime. 

Cubonate of lime . 50.00 、 

Carbonato of magnesia • . . 42.00 

Silics 5.00 

Alumina . S.OO 

Oxide of iron • • • • 0.40 



100.00 



By comparing the constituents of these two last stones with the 
analyses of ue cement-stones of New York, and the magnesian 
hydraulic lime-stones of Prof. Rogers, it will be seen that they 
consist, respectively, of nearly the same combinations of lime, 
magnesia, luid silica. 

49. Physical Characters and Tests of Hydraulic Lime^tofies. 
The simple external characters of a lime-stone, as color, texture, 
fracture, and taste, are insufficient to enable a person to dedde 
whether it belongs to the hydraulic class ； although they ass'st 
conjecture, particularly if the rock, from which the specimen is 
taken, ia found in conaection with the dav depoeites, or if it be- 
long to a tUatuin wb jm general level ana characteristics are the 
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nmc as the argilo-magnesia n rocks. These rocks are generally 
some shade of drab, or of gray, or of a dark grayish blue ； have 
氤 compact texture ； fracture even or conchoidal ； with a clayey or 
earthy smell and taste. Although the hydraulic lime-stones are 
usuaUy colored, still it may happen that tk j stone may be of a pure 
white, arising from the combination of lime with a pure clay. 

The difficulty of pronouncing upon the class to which a liine- 
etone belongs, ^om its physical properties alone, renders it neces- 
sary to resort to a chemical analysis, and even to direct experiment, 
to decide the question. 

60. In making a complete chemical analysis of a lime-stone, more 
skill in chemical manipulations is requisite than engineers usually 
less ； but a person who has the oidinary elementary know- 
fe of chemistry, can readily ascertain the quantity of clay oi 
lagncflia contained in a lime-stone, and from these two ele- 
ments can pronounce, with tolerable certainty, upon its hydraulic 
properties. To arrive at this conclusion, a small portion of the 
stone to be tested ~ about five drachms ― is taken and reduced to 
a powder ； this is placed in a capsule, or an ordinary watch 
crystal, and slightly diluted muriatic acid is poured over it until 
it ceases to effervesce. The capsule is then gently heated, and 
the liquor evaporated, until the residue in the capsule has acquired 
the consistence *of thin paste. This paste is thrown into a pint 
of pure water and well shaken up, and the mixture is then fil- 
tered. The residue left on the filtering paper is thoroughly dried, 
by bringing it to a red heat ； this being weighed win give the 
clay, or insoluble matter, contained in the stone. It is important 
to ascertain the state of mechanical division of the insoluble mat 
ter thus obtained ； for if it be wholly granular, the stone will not 
yield hydraulic lime. The granular portion must therefore be 
carefully separated from the other before the latter is dried and 
weighed. 

51. If the sample tested contains magnesia, an indication of 
this will be given by the slowneafl with which the acid acts ； if 
the quantity of magnesia be but little, the solution will at first 
proceed rapidly and then become more sluggish. To ascertain 
the quantity oi magnesia, clear lime-water must be added to the 
filteml solution as long as any precipitate is formed, and this 

Crecipitate must be quickly gathered on filtering paper, and then 
e washed with pure water. The residue from this washing if 
the magnesia. It must be thoroughly dried before being weighed* 
to ascertain its proportion to the clay. 

52. Having ascertained, by the preceding analysis, the proba- 
ble hydraulic energy of the stone, a sample of it should also be 
fttbmitted to d'rect experiment. This may be likewise done os 
• finall scale. A sample of the stone ni ist be reduced to frai( 
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ments about the size of a walnut. A crucible, perforated 、vith 
holes for the free admission of air, is filled with these fragmeou, 
and placed over a fire sufficiently powerful to drive off me car 
bonic acid of the stone. The time for effecting this will depend 
on the intensity of the heat. When the heat has been applied 
for three or four hours, & small portion of the calcined stone may 
be tried with an acid, and the degree of the calcination may be 
judged of by the more or less copiousness of the efferyescenca 
that ensues. If no efferrescence takes place, the operation may 
be considered completed. The calcinea atone should be tried 
soon after it has become cold ； otherwise, it should be kept in 
a glass jar made as air-tight as practicable until used. 

53. When the calcined stone is to be tried, it is first slaked 
by placing it in a small basket, which is immersed for five or six 
seconds in pure water. The stone is emptied from the basket so 
Boon as the water has drained off, and is allowed to stand until 
the slaking is terminated. This process will proceed more or 
less rapidly, according to the quality of the stone, and the degree 
of its calcination. In some cases, it will be completed in a few 
minutes ； in others, portions only of the stone will fall to powder, 
the rest crumbling into lumps which slake very slug^shly ； while 
other varieties, as the true cement stones, give no evSence of slak- 
ing. If the stone slakes either completely or paitially, it must be 
converted into a paste of the consistence of soft putty, being ground 
up thoroughly, if necessary, in an iron mortar. The paste is 
made into a cake, and placed on the bottom of an ordinary tum- 
bler, care being taken to make the diameter of the cake the same 
as that of the tumbler, which is filled with water, and the time of 
Immersion noted. If the lime is only moderately hydiaulicy it 
will have become hard enough at the end of fifteen or twenty 
days, to resist the pressure of the finffer, and will continue to 
harden slowly, more particularly from tne sixth or eighth month 
after immersion ； and at the end of a year it will have acquired 
the consistency of hard soap, and will dissolve slowly in pure 
water. A fair hydraulic lime will have hardened so as to resist 
the pressure of the finger, in about six or eight days after immer- 
sion, and will continue to grow harder until from six to twelve 
months after immersion ； it will then haye acquired the hardness 
of the softest calciureoua stones, and will be no longer soluble in 
pure water. When the stone is eminently hydraulic, it will have 
become hard in from two to four days after immersion, and in one 
month it will be quite hard and insoluble in pure water ； after six 
months, its hardness will be abou+ equal to the more absorbent 
calcareous stones ； will splinter from a blow, presenting a slaty 
fracture. 

At the hydraulic cements do not slake perceptiUy, the lurm 
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ftone must fint be reduced to a fine powder before it is made 
mto a paste. The paste, when kneaded between the fingers, be- 
comes warm, and will generally set in n few minutes, either in the 
open air or in water. Hydraulic cement is far more sparingly 
soluble in pure water than the hydraulic lime ； and the action of • 
pure water upon them ceases, apparently, after a few weeks im. 
meraion in it. 

54. Calcination cf Lime^stone. The effect of heat on lime-v 
stones varies with the constituent elements of the stone. The 
pure lime-stones will stand a high degree of temperature with- 
out fusing, losing only ^heir carbonic acid and water. The im - 

stones containing silica fuse completely under a great heat, 
become more or less vitrified when the temperature much ex' 
a red heat. The action of heat on the impure lime-stones, 
besides driving off their carbonic acid and water, modifies the re- 
lations of their other chemical constituents. The argillaceous 
stones, for example, yield an insoluble precipitate when acted on 
by an add before calcination, but are perfectly soluble afterwards, 
unless the silex they contain happens to be in the form of grains. 

55. The calcination of the nydraulic liitie-stones, from their 
fusible nature, requires to be conducted with great care ； for, if 
not pushed far enough, the under-burnt portions will not slake ； 
and, if earned too far, the stone becomes dead or slugmsh ； slakes 
veiy slowly and imperfectly at first ； and, if used in this state for 
masonry, may do injury by the swelling which accompanies the 
after-slaking. 

56. The more or less facility with which the impure lime-stones 
can be burned, depends upon several causes ； as the compactness 
of the 'stone ； the size of the fragments submitted to heat ； and 
the presence of a current of air, or of aqueous vapor. The more 
compact stones yield their carbonic acid less readily than those 
of an opposite texture. Stones which, when broken into very 
small lumps, can be calcined under the red heat of an ordinary 
fire m a few hours, will require a far ^eater degree of tempera- 
ture, and for a much longer period, when broken into fragments 
of six or eight inches in diameter. This U particularly the case 
with the impure lime-stones, which, when in large lumps, vitrify 
at the surface before the interior is thoroughly burnt. 

57- If a current of vapor is passed over tne stone aftei it has 
commenced to give off its carbonic acid, the remaining portion of 
the gas which, under ordinary circumstances, is expelled with 
great difficulty, particularly near the end of the process of calci- 
oatfon, will be carried on much sooner. This influence of an 
iqueous current is attributed, by M. Gay-Lussac, purely to a 
mechanical action, by removing the gas as it is evolved, and his 
txptmof Its go to show that a like effect is produced by an at 



at once, or else the binning is bo r^ukted, that ireih atone and 
fuel are added as the calcined portions are withdrawn. The Ut- 
ter method is usually followed when the fuel used is coal. The 
Blone and coal, broken into proper eizes, (Fig. 1,) and in pn^r- 
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mav also be used as fuel in perpetual kjb^ but not with sucb 
economy as coal ； it moreover presents many inconvenienced^ in 
supplying the kiln with fresh stone, and in regulating its dis* 
charge. The inverted conical-shaped kiln is geneially adopted 
for coal, and the ovoidal-shaped for wood. 

61 • Some care is requisite in filling the kiln with stone when a 
wood fire is used, A dome (Fig. 2) is formed of the largest blocks 
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Fig. 9 reprewnts a veitical sectic 
•xk aiul centra line of the ent 
kiln for wood. 

A, solid masonry of the IdJn. 

B, arched entrance. 

C, doorway for drawing kiln and sapplying fnel. 

D, interior of kiln. 

£, dome of broken itone, shown by the dotted 



of the broken stone, which either rests on the bottom of the kiln or 
on the ash-grate. The lower diameter of the dome is a few feet 
less than that of the kiln ； and its interior is made sufficiently capa- 
cious to receive the fuel which, cut into short lengths, is placed 
up endwise around the dome. The stone is placed over and 
around the courses which form the dome, the largest blocks iii 
the centre of the kiln. The management of the fire is a matter 
of experiment. For the first eight or ten hours it should be care- 
fully reflated, in order to bring the stone gradually to a red heat. 
By applying a high heat at first, or by any sudden increase of it 
until tiie mass has reached a nearly uniform temperature, the 
stone is apt to shiver, and choke the kiln, by stopping the voids 
between the courses of stone which form the dome. After the 
stone is brought to a red heat, the supply of fuel should be uni- 
form until the end of the calcination. The practice sometimes 
adopted, of abating the fire towards the end, is bad, as the last 
portions of carbonic acid retained by the stone, require a high de- 
gree of heat for their expulsion. The indications of complete 
calcination are generally manifested by the diminution which 
gradually takes place in the mass, and which, at this stage, is 
about one sixth of the primitive volume ； by the broken appear- 
ance of the stone which forms the dome, the interstices between 
which being also choked up by fragments of the burnt stone ； and 
by the ease with which an iron bar may be forced down through 
the burnt stone in the kiln. When these indications of complete 
calcination are observed, the kiln should be closed for ten or 
twelve hours, to confine the heat and finish the burning of the up- 
per strata. 

62. The form and relative iimensions of a kiln for wood can 
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oe determined oiily hy careful experiment. If too great heishi 
be given to the mass, the lower portions may be overbumed be- 
fore the upper are burned enough. The proportions between the 
height and mean horizontal section, will depend on the texture of 
the stone ； the size of the fragments into which it is broken for 
burning ； and the more or less facility with which it vitrifies. Id 
the memoir of M. Petot, already cited, it is stated as the results 
of experiments made at Brest, that large-sized kilns are more 
economical, both in the consumption of fuel and in the cost of 
attendance, than small ones ； but that there is no notable econo- 
my in fuel when the mean horizontal section of the kiln exceeds 
sixty square feet. 

63. The circular seems the most suitable form for the horizon- 
tal sections of a kiln, both for strength and for economizing the 
heat. Were the section the same throughout, or the form of the 
interior of the kiln cylindrical, the strata of stone, above a certain 
point, would be very imperfectly burned when the lower were 
enough so, owing to the rapidity with which the inflamed gases, 
arising from the combustion, are cooled by coming into contact 
with the stone. To procure, therefore, a temperature throughout 
the heated mass which shall be nearly uniform, the horizontsu sec- 
tions of the kiln should gradually decrease from the point where 
the flame rises, which is near the top of the dome of broken stone, 
to the top of the kiln. This contraction of the horizontal section, 
from the bottom upward, should not be made too rapidly, as the 
draft would be injured, and the capacity of the kiln too much 
diminished ； and in no case should the area of the top opening be 
less than about one fourth thef area of the aection taken near the 
top of the dome. The best manner of arranging the sides of the 
kiln, in the plane of the longitudinal section, is to connect the top 
opening with the horizontal section through the top of the dome, 
by an arc of a circle whose tangent at me lower point shall be 
vertical. 

64. Lime-kilns are constructed either of brick, or of some of 
the more refractory stones. The walls of the kiln should be suf- 
ficiently thick to confine the heat, and, when the locality admits 
of it, they are built into a side hill ； odierwise, it may be neces- 
sary to use iron hoops, and vertical bars of iron, to strengthen the 
brick-work. The interior of the kiln should be fkced either with 
good fire-brick or with fire-stone. 

65. M. Petot prefers kilns arranged with fire-grates, and an 
ash-pit under the dome of broken stone, for the reason that they 
rive the means of better regulating the heat, and of throwing the 
name more in the axis of the kUn than can be done in kilns with 
out them. The action of the flame is thus more uniformly felt 
through the mass o' su ne above the top of the dome, while that 
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of the radiated heat upon the stone around the dome, is also more 
unifoim. 

66. M. Petot states, that the height of the mass of stone ibove 
die top of the dome should not be greater than from ten to thir« 
teen feet, depending on the more or less compact texture of the 
stone, and the more or less ease with which it vitrifies. He pro- 
poses to use kilns with two stories, (Fig. 3,) for the purpose 




Fig. 3 represents a vertical Beetun 
through the uda and centre lino of 
the entrance of a lime-kiln with twv 
fltories for wood. 

A， solid masonrr of the kiln. 

B, dome shown oy the doited line. 

C， interior of lower story. 

D, dome of imper story. 

£, interior of upper story. 

a, arched entrance to kiln. 

b, receptacle for water to fumUi 裏 
cumnt of aqueous vapor. 

e, doorway for drawing kiln, Ac^ 

closed by a fire-proof uoor. 
d, ash-pit under fire-grate. 

c, upper doorway for drawing Utai, fte 
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of economizing the fuel, by using the heat which passes off from 
the top of the lower story, and would otherwise be lost, to heat 
the stone in the upper story ； this story being arranged with a 
side-door, to introduce fiiel under its dome of broken stone, and 
complete the calcination when that of the stone in the lower 
story is finished. 

M. Petot ^Tes the following general directions for regulating 
the relative dimensions of the parts of the kiln. The greatest 
horizontal section of the kiln is placed rather below the top of the 
dome of broken stone ； the diameter of this section being 1.82, the 
diameter of the grate. The height of the dome above the grate 
is from 3 to 6 feet, according to the quantity of fuel to be con- 
BQined hourly. The bottom of the kiln, on which the piers of the 
dome rest, is from 4 to 6 inches above the top of the grate ； the 
diameter of the kiln at this point being about 2 feet 9 inches 
greater than that of the grate. The diameter of the horizontal 
section at top is 0.63, the diameter of the greatest horizontal sec- 
tion. The horizontal sections of the kiln diminish from the section 
near the top of the dome to the top and bottom of the kiln ； the 
sides of the kiln receiving the form shown in Fig. 3 : the object 
of contracting the kiln towards the bottom being to allow the stone 
near the bottom of the kiln to be thoroughly burned by the radiated 
heat The grate is formed of cast-iron bars of the usual foim 
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the area of the spaces between the bars being one fourth the total 
area of the grate. The bottom of the ash-pit, which may be on 
the same level as the exterior ground, is placed 18 inches below 
the grate ； and at the entrance to the ash-pit is placed a reservoir 
for water, about 18 inches in depth, to furnish an aqueous cur 
rent. The draft through the grate is regulated by a lateral air 
channel to the ash-pit, which can be totally or pkrtially shut by a 
valve ； the area of the cross section of this channel is one tenth 
the total area of the grate. A square opening 16 inches wide, 
the bottom of which is on a level with tne bottom of the kiln' 
leads to the dome for the supply of the fuel. This opening is 
closed with a fire-proof and air-tight door. 

In arranging a kiln with two stories, M. Petot states, that the 
^ates of the upper story are so soon destroyed by the heat, that 
It is better to suppress tnem, and to place the fiiel for completing 
the calcination of the stone of this story, on the top of ihe burnt 
stone of the lower story. 

67. Slaking Lime. Quick-lime may be slaked in three dif- 
ferent ways. By pouring sufficient water on the burnt stone to 
convert the slaked lime into a thin paste, which is termed drown- 
ing the lime. By placing the burnt stone in a basket, and im 
mersing it for a lew seconds in water, during which time it will 
imbibe enough water to cause it to fall, by slaking, into a dry 
powder ； or by sprinkling the burnt stone with a sufficient quan 
tity of water to produce the same effect. By allowing the stone 
to slake spontaneously, from the moisture it imbibes from the 
atmosphere, which is termed air-slaking, 

68. Opinion seems to be settled among en^neers, that drown- 
ing is the worst method of slaking lime which is to be used for 
mortars. When properly done, however, it produces a finer paste 
than either of the other methods ； and it may therefore be resorted 
to whenever a paste of this character, or a whitewash is wanted. 
Some care, however, is requisite to produce this result. The 
stone should be fresh from the kiln, otherwise it is apt to slake 
tiito lumps or fine grit. AH the water used should be poured 
over the stone at once, which should be arranged in a basin or 
vessel, so that the water surrounding it may be gradually imbibed 
as the slaking proceeds. If fresh water be added during the slak* 
ing, it checks the process, and causes a gritty paste to form. 

69. In slaking by immersion, or by sprinkling with water, the 
stone should be reduced to small-sized fragments, otherwise the 
slaking will not proceed uniformly. The fat limes should be in 
lumps, about the size of a walnut, for immersion ； and, when 
withdrawn from the water, should be placed immediately iu bins 
or be covered with sand, to confine the heat and vapor. If left 
exposed to the air, the lime becomes chilled and separates into a 
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eoarae grit, which takes some time to slake ehorougMy when 
mare water is added. Sprinkling the lime is a more convenient 
process than immersion, and is equally good. To effect the slak 
in^ in this way, the stone should be broken into fragments of a 
suitable size, which experiment will determine, and be placed in 
small heaps, surrounded by sufficient sand to cover them up when 
the slaking is nearly completed. The stone is then sprinkled 
with about one fourtn its bulk of water, poured through the rose 
of a watering-pot, those lumps which seem to slake most slug- 
gishly receiving liie most water ； when the process seems com- 
pleted, the heap is carefully covered over with the sand, and 
allowed to remain a day or two before it is used. 

70. Slaking either by immersion or by sprinkling is considered 
the best. The quantity of water imbibed by lime when slaked 
by immersion, varies with the nature of the lime ； 100 parts of 
fat lime will take up onlj 18 parts of water ； and the same quan- 
tity of meager lime will imbibe from 20 to 35 parts. One volume, 
in powder, of the burnt stone of rich lime yields from 1.50 to 
1.70 in volume of powder of slaked lime ； while one volume 
of meager lime, under like circumstances, will yield from 1.80 to 
2.18 in volume of slaked lime. 

71. Quick lime, when exposed to the free action of the air in 
a dry locality, slakes slowly, by imbibing moisture from the at- 
moephere, with a slight disei^agement of heat. Opinion seems 
to be divided with regard to die effect of this methcxl of slaking 
on fat limes. Some assert, that the mortar made from them is 
better than that obtained from any other process, and attribute 
this result to the re-conversion of a portion of the slaked lime into 
a carbonate ； others state the reverse to obtain, and assign the 
same cause for it. With regard to hydraulic limes, all agree that 
they are greatly injured by air-slaking. 

72. Air-slaked fat limes increase two fifths in weight, and for 
one volume of quick lime yield 3.52 volumes of slakedlime. The 
meager limes increase one^eighth in weight, and for one volume 
of quick lime yield from 1.75 to 2.25 volumes of slaked lime 

73. The dry hydrates of lime, when exposed to the atmosphere, 
gradually absorb carbonic acid and water. This process pro- 
ceeds very slowly, and the slaked lime never regains all the car- 
bonic acid which is driven off by the calcination of the lime-stone. 
When converted into a thick paste, and exposed to the air, the 
hydrates gradually absorb carbonic acid ； this action first takes 
place on the surface, and proceeds more slowly from year to 
year towards the interior 6f the exposed mass. The absorption 
of gas proceeds more rapidly in the meager than in the fat limes. 
Those liydrates which are most thoroughly slaked become hard 
est. The hydrates of the puie fat liiiies become in time verj 
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hard, while those of the hydraulic limes become only moderately 
hard. 

74. The fat limes, when slaked by drowning, may be pre* 
served f(»r a long >eriod in the state of paste, ifplaced in a damp 
situation and kepi from contact with the air. They may also be 
preserved for a long time without change, when slaked by im- 
mersion to a dry powder, if placed in covered vessels. Hydraulic 
limes, under similar circumstances, will harden if kept in the state 
of paste, and will deteriorate when in powder, unless kept in 
perfectly air-tight vessels. 

75. The hydrates of fat lime, from air-slaking or immersion, 
require a smaller quantity of water to reduce them to the state of 
paste than the others ； but, when immersed in water, they grad- 
ually imbibe their full dose of water, the paste becoming tnicker, 
but remaining unchanged in volume. Exposed in this way, the 
water will in time dissolve out all the lime of the hydrate which 
has not been re-converted into a sub-carbonate, by tne absorption 
of carbonic acid before immersion ； and if the water contain car- 
bonic acid, it will also dissolve the carbonated portions. 

76. The hydrates of hydraulic lime, when immersed in water 
in the state oi thin pastes, reject a portion of the water from the 
paste, and become hard in time ； if the paste be very stiff, they 
imbibe more water, set quickly, and acquire greater hardness in 
time than the soft pastes. The pastes of the hydrates of hydrau- 
lic lime, which have hardened in the air, will retain their haxdness 
when placed in water. 

77. The pastes of the fat limes shrink very unequally in drying, 
and the shrinkage increases with the purity of the lime ； on this 
account it is dimcult to apply them alone to any building purposes, 
except in very thin layers. The pastes of the hydraulic limes 
can only be used with advantage under water, or where they are 
constantly exposed to humidity ； and in these situations they are 
never used alone, as they are found to succeed as well, and to 
j^resent more economy, when mixed \^ith a portion of sand 

78. Manner of Reducing Hydraulic Cement. As the cement 
stones will not slake, they must be reduced to a fine powder by 
some mechanical process, before they can be converted into a 
hydrate. The methods usually employed for this purpose coq- 
gist in first breaking the burnt stone into small fragments, either 
under iron cylinders, or in mills suitably formed for this piir- 
pose^^which are next ground between a pair of stones, or else 
crushed by an iron roller. The coarser particles are separated 
from the fine powder by the ordinary processes with sieves. The 
powder is then carefully packed in air-tight casks, and kept for use 

79. Hydraulic cement, like hydraulic lime, deteriorates by 
exT)osiirc to the air, and may in time lose Jl its hydraulic prop- 
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erties. On this account it should be used when fresh Droit tbo 
kiln ； for, however carefully packed, it cannot be well prcsei ved 
when transported to any distance. 

80. The deterioration of hydraulic cements, from exposure to 
the air, arises, probably, from a chemical disunion between the 
constituent elements of the burnt slope, occasioned by the ab- 
sorption of water and carbonic acid. When injured, their energy 
can be restored by submitting them to a much slighter degree oi 
heat than that which is requisite to calcine the stone suitably in 
the first instance. From the experiments of M. Petot, it appears 
that a red heat, kept up for a short period, is sufficient to restore 
damaged hydraulic cements. 

81. Artificial Hydraulic Limes and Cements. The discover} 
of the argillaceous character of the stones which yield hydraulic 
limes and cements, connected with the fact that brick reauced to 
a fine powder, as well as several substances of volcanic origin 
baying nearly the same constituent elements as ordinary brick 
when mixed in suitable proportions with common lime, will yield 
a paste that hardens under water, has led, within a recent period, 
to artificial methods of producing compounds possessing the prop- 
erties of natural hydraulic lime-stones. 

82. M. Vicat was the first to point out the method of forming 
an artificial hydraulic lime, by mixing common lime and unburnt 
clay, in suitaole proportions, and then calcining them. The ex- 
periments of M. Vicat have been repeated by several eminent 
engineers with complete success, and among others by General 
Pasley, who, in a recent work by him, Observations on Limes, 
Calcareous Cements^ &c" has given, with minute detail, the results 
of his experiments ； from which it appears that an hydraulic ce- 
ment, fiiDy equal in quality to that obtained from natural stones 
can be made by mixing common lime, either in the state of a 
carbonate or of a hydrate, with clay, and subjecting the mixture 
to a suitable degree of heat. In some parts of France, where 
chalk is found abundantly, the preparation of artificial hydraulic 
lime has become a brancn of manufacture. 

83. Diflferent methods h^ive been pursued in preparing this 
material, the main object being to secure the finest mechanical 
division of the two ingredients, and their thorough mixture. For 
this purpose the lime-stone, if soft like chalk or tufa, may be re- 
duced in a wash-mill, or a rolling-mill, to the state of a soft pulp; 
•t 18 then incorporated with the day, by passing them through a 
f>ug-mill. The mixture is next moulded into small blocks, or 
made up into balls between 2 and 3 inches diameter, by hand, 
and well dried. The balls are placed in a kiln, ~ suitably calcined, 
tnd are finally slaked, or ground down fine for use. 

84. If the lime-stone be hard, it must be calcined and slaked 
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in the usual m jiner, before it can be mixed wim the clay. The 
process for m.xing the ingredients, their calcination, and farthei 
preparation for use, are the same as in the preceding case. 

85. Artificial hydraulic lime, prepared from the hard lime* 
stones, is more expensive than that made from the soft ； but it is 
stated to be superior in quality to the latter. 

86. As clays are seldom free from carbonate of lime, and as 
the lime-stones which yield common or fat lime may contain some 
portion of clay, the proper proportions of the two ingredients, to 
produce either an hydraulic lime or a cement, must be determined 
by experiment in each case, guided by a previous analysis of the 
two ingredients to be tried. ' 

If the lime be pure, and the clay bo free from lime, then the 
combinations in the proportions given in the table of M. Petot will 
give, by calcination, like results with the same proportions when 
found natm:^Uy combined. 

87. Puzzofana, Sec, The practice of using brick or tile-dust, 
or a volcanic substance known by the name of puzzolana, mixed 
with common lime, to form an hydraulic lime, was known to the 
Romans, by whom mortars composed of these materials, were 
extensively used in their hydraulic constructions. This practice 
has been more or less followed by modem engineers, who, until 
within a few years, either used tne puzzolana of Italy, where it 
is obtained near Mount Vesuvius, in a pulverulent state, or a ma- 
terial termed Trass, manufactured in Holland, by grinding to a fine 
powder a volcanic stone obtained near Andemach on the Rhine. 

Experiments by several eminent chemists have extended the 
list of natural substances which, when properly burnt and reduced 
to powder, have the same properties as puzzolana. They mostly 
belong to the feldspathic and schistose rocks, and are either fine 
Band, or clays more or less indurated. 

The following Table gives the results of analyses of Puzzolana^ 
Trass, a Basalt, and a Schistus, which^ when burnt andpow'* 
dered^ were found to possess the properties of puzzolana. 





Puzzolana. 


Tim. 


Basalt 


SchUtuB. 


Silica 


0.445 


0.670 


44.60 


46.00 


Alumina 鲁 • * • ♦ 


0.150 


0.130 


16.76 


S6.00 


Lime ^ 


0.088 


0.026 


9.50 


4.00 


Magnesia • . . . 


0.047 


0.010 






Oxide of iron . 


0.120 


0.050 


90.00 


14.00 


Oxide of mangmneM • 






3.37 


8.00 


PotMta • • . 


0.014 


0.070 






Soda • • • . 


0.030 


0.010 


8.60 




Water and Iom • • • . 


0.106 


0.144 


4.38 


800 


1 




1.000 


100.00 


100.00 
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88. An of ther t substances, when prepared artificially, are now 
generally known by the name of artificial puzzolanas, in contra* 
distiiictioD to those wliich occur naturally. 

89. General Treussart, of the French Corps of Military Engi- 
neers, first attempted a systematic investigation of the properties 
of artificial puzzolanas made from ordinary clay, and of the best 
manner of preparing them od a large scale. It appears from the 
results of ms experiments^ that the plastic clays used for tiles, or 
pottery, which are unctuous to the touch, the alumina iii them 
being in the proportion of one fifth to one third of the silica, fur- 
nish the best artificial puzzolanas when suitably burned. The 
clays which are more meager, and harsher to the touch, yield an 
inferior article, but are in some cases preferable, from the greater 
ea^e with which they can be reduced to a powder. 

90. As the clays mostly contain lime, magnesia, some of the 
metallic oxides, and alkaline salts, General Treussart endeavored 
to ascertain the influence of these substances upon the qualities of 
the artificial puzzolanas from clays in which they are found. He 
states, that the carbonate of potash and the muriate of soda seem 
to act beneficially ； that magnesia seems to be passive, as weU 
as the oxide of iron, except when the latter is found in a large 
proportion, when it acts hurtfuUy ； and that the lime has a mate- 
rial influence on the degree of heat required to convert the clay 
into a good artificial puzzolana. 

91. The management of the heat, in the preparation of this 
material, seems of the first consequence ； and General Treussart 
recommends that direct experiment be resorted to, as the most 
certain means of ascertaining the proper point. For this purpose, 
specimens of the clay to be tried may be kneaded into balls as 
large as an egg, and tne balls, when dry, be su]>initted to different 
degrees of heat in a kiln, or furnace, through which a current of 
air must pass over the balls, as this last circumstance is essential 
to secure a material possessing the best hydraulic qualities. Some 
of the balls are withdrawn as soon as their color indicates that 
they are underbumt ； others when they have the appearance of 
weu-bumt brick ； and others when their color shows that they 
ve overbumt, but before they become vitrified. The burnt balls 
are reduced to an impalpable powder, and this is mixed with a 
hydrate of fat lime, in.the proportion of two parts of the powder 
tr )ne of lime in paste. Water is added, if necessary, to bring 
did different mixtures to the consistence of a thick pulp; and they 
are separately placed in glass vessels, covered with water, and 
Mowed to remain until they harden. The compound which 
hardens most promptly will inlicate the most suitable degree of 
heat to be applied. 

92. As the arbonates of line, of potash, and of soda, act at 
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fluxes on silica, the presence oi either one of them will modifr 
the degree of heat necessary to convert the day into a good natu- 
ral puzzolana. Clay, containing about one tenth of lime, should 
be brought to about tne state of sSghtly-bumt brick. The ochreoua 
clays require a higher desree of heat tt> convert them into a good 
material, and should be burnt until they assume the appearance 
of well-burnt brick. The more refractory clays will bear a still 
higher degree of heat ； but the calcination should in no case be 
carried to the point of incipient vitrification. 

93. The quantity of lime contained in the clay can be readily 
ascertained beforehand, by treating a small portion of the day, 
difiused in water, with enough muriatic acid to dissolve out the 
lime ； and this last might serve as a guide in the preliminary 
stages of the expepments. 

94. General Treussart states, as the results of his experiments, 
that the mixture of artificial puzzolana and fat lime forms an hy 
draulic paste superior in quality to that obtained by M. Vicat'a 
process for making artificial hydraulic lime. M. Curtois, a French 
civil engineer, in a memoir on these artificial compounds, pub- 
lished in the Annales des Fonts et Chauss€eSy 1834, and Genera] 
Pasley, more recently, adopt the conclusion of General Treussart. 
M. Vicat's process appears best adapted when chalk, or any very 
soft lime-stone, whicn can be readily converted to a soft pulp, is 
asedy as offering more economy, and affording an hydrauuc time 
which is sufficiently strong for most building purposes. By it 
General Pasley has succeeded in obtaining an artificial hydraulic 
cementy which is but little, if at all, inferior to the best natural 
varieties ； a result which has not been obtained from any com- 
bination of fat lime with puzzolana, whether natural, or artificial. 

95. All the puzzolanas possess the important property of not 
deteriorL«ing by exposure to the air, which is not the case with 
any of the hydraulic limes, or cements. This property may ren* 
der them very serviceable in many localities, where only common, 
or feebly hyduraulic lime can be obtained. 

MORTAR. 

96. Mortar is any mixture of lime in paste with sand. It ma^ 
be divided into two principal classes ； Hydraulic moMar, which i» 
made of hydraulic lime, and Common mortar^ made of commoD 
lime. 

97. The term Grout is applied to 'any mortar in a thin or fluid 
state ； and the terms Concrete and Beton^ to mortars incorporaled 
with gravel and small fragments of stone or brick . 

98. Mortar is used for various purposes in building. It seirai 
M a cement to unite blocks of stone, or brick. In concrete and 
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、, iHiich my be regarded as art^cial canfhmereOe stones, 
處 fonu the nuOrix by which the gravel and br(d(en stom are 
beU together; and it it the principftl material withwhidi the ex 
ledcr irarfaoes of 'walls «nd ttie intenor of ediices are coated. 

99. The qaalil^ df martad^, whetber used for structuiet 
posed to the weauier^ or for those immersed in water, will dej 
mpaa the nature of the materialB used ；— itheir proportion ；' 
tnannflT in wUdi the lime has been concerted into a paste to re 
oenre die Band ； ^^^^ «nd the mode employed to mix the ingredients. 
Upon aU of theoe points experiment is the only unerring guide far 
the engbieer ； for the greai diversity in the cmstituent clients 
of fime-stooes^ as well as in the other ingredients of mortars, must 
neoeesaiily alone gire rise to direiaitieB in Tesulfto ； and when, to 
these 伪 uses of yariatkiii, axe superadded those resultiDg from 
difierait proceMes pursued in die manipulations of slaking the 
lime and mixing ihe ingredients, no BUipriBe should be felt at the 
seemingly opposite conclusions at which miters, "who have puf 
snad t^ su^ eiperimentally, have amyed. From the great 
mam x£ facts, hwever, presented on this subject witlmi a few 
yean, some general rules may be laid down, which the engineer 
may safely follow, ia the absence of the means of' making direct 
expenments. 

100. Sand, This material, which forms one of the ingredients 
of mortar, is the granular product arising from the disintegration 
of rocks. It may, therefore, like the rocks from which it is de- 
rnred, be divided into three principal varieties ~ the siljpious, the 
calcttreoQB, and the argillaceous. 

Sand is also named from the locality where it is obtained, as 
pit-sandj which is procured from excavationB in alluvial, or other 
deposites of disintegrated rock ； river-sand and sea*sand， whicb 
n from the uiorea of the sea, or rivers. 
.618 again dassi^ sand according to the size of the grain. 
The tenn coarse sand is applied when the grain varies between 
★th and tV 仏 ^ aii inch in diameter ； the tenn fine smnd, when 
is between T、th and f^jth of an inch in diameter ； and 
muved sand is used for any mixture of the two prece- 





101. The nlicioiu annds, arising from the quartzoee rocks, 
ne most abundant, and are usually preferred by buildi " 
Cilcaieoui sands, firom hard calcareous rocks, are more 
farm a good ingredient for mortar. Some of the argillacew*^ 
poness the properties of the less energetic puzzolanas, and an 
therefore very Taluafale, as forming, wim common lime, an arti> 
Sdal hydiauuc lime. 

102. The property which some argillaceous sands possess, of 
bnoing with comman^ or slightly hydraulk lime a compound which 
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will harden uiidA water, has been long known in、 France, lAmn 
these sands are termed arines. The sands of this nature are 
usually found in hillocks along river valleys. These hillocki 
sometimeB rest on calcareous rocks, or argillaceous tufas, and are 
frequently formed of alternate beds of the sand and pebbles. The 
sand is of various colors, such as yellow, red, and ffreen, and 
seems to have been formed from the disintegration of clay in a 
more or less indurated state. The arenes are not as energetic as 
either natural or artificial puzzolanas ； still they form, with ccro- 
mon lime, an excellent mortar for masonry exposed either to the 
open air, or to humid localities, the foundations of edifices. 

103. Pit-sand has a rougher and more angular crain than river 
or sea sand ； and, on this account, is generally preierred by build- 
ers for mortar used for brick, or stone-work. Whether it forms a 
stronger mortar than the other two is not positively settled, al« 
thougn some experiments would lead to the conclusion that it 
does. 

104. River and sea sand are by some preferred for plastering^ 
because they are whiter, and have a finer and more unifonn grain 
than pit sand ； but as the sands from the shores of tidal waters 
contain salts, they should not be used, owing to their hygrometric 
properties, before the salts are dissolved out in fresh water by 
careful washing. 

105. Pit-sand is seldom obtained free from a mixture of dirty 
or clay ； and these, when found in any notable quantity in it, give 
H weak and bad mortar. Earthy, sands should, therefore, be 
cleansed from dirt before using tnetn for mortar ； this may be 
effecjted by washing the sand in shallow v&te, and allowing the 
turbid water, in wmch the clay; dust, and other like impurities 
are held in suspension, to run off. 

106. Sand, when pure or well cleansed, may be known by not 
soiling the ^ingeiis when rubbed between them. 

107. Hydraulic mortar. This material may be made from 
the natui^ hydraulic limes ； from those which are prepared by 
M. Vicat'a process ； or from a mixture of common, or feebly hy- 
draulic Hme, with a natural or artificial puzzolana. All writers, 
however, a^e that it is better to use a natural than an artificial 
hydraulic lime, when the former can be readily procured. 

108. When the lime used is strongly hydraulic, M. Vicat is 
of opinion that sand alone should be used with it, to form a good 
hydraulic mortar. General Treussait has drawn the conclusion, 
from his experiments, that the mortar of all hydraulic limes is 
improved by an addition of a natural or artificial puzzolana. Tha 
iiuantity of sand used may rary from 1^ to 2 parts of the lime 
in bulk, when reduced to a thick pulp. 

109. For hydraulic mortars, made of common, feeble, or or 
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tinazy hydraulic limes, and artificial puzzolana, M. Vicat statei 
iLal the puzzolana should be the weaker as the lime is more 
■troDgl^ hydraulic ； wins, for example, a very energetic puzzo- 
lana with a fat, or a feebly hydraulic lime. The proportion of 
sand which can be incorporated with these ingredients, to form an 
hydraulic mortar, is stated by General Treussart to be one toI- 
mne to one of puzzolana, ana one of lime in paste. 

110. In proportioning the ingredients, the object to which tho 
mortar is to be applied should be regarded. When it is to serve 
to unite stone, or brick work, it is bietter that the hydraulic lime 
should be rather in excess ； when it is used as a matrix for beton, 
no more lime should be used than is strictly required. No harm 
will arise from an excess of good hydraulic lime, in any case ； but 
an excess of common lime is injurious to the qudity of the mortar. 

111. Common and ordinary hydraulic limes, when made into 
mortar with arines^ give a good material for hydraulic puiposes. 
The proportions in which tnese have been found to succeed well, 
are one of lime to three of arSnes. 

112. Hydraulic cement, from the promptitude with which it 
hardens, both in the air and under water, is an invaluable mate- 
rial where this property is essential. Any dose of sand injures 
its properties as a cement But hydraulic cement may be aidded 
witn decided advantage to a mortar of common, or of feebly hy 
draulic lime and sand. It is in this waythat it is generally used 
in our public works. The French engineers give the preference 
to a good hydraulic mortar over hydrauuc cement, both for uniting 
stone, or brick work, and for plastering. They find, from their 
practice, that when used as a stucco, it does not withstand well 
the effects of weather ； that it swells and cracks in time ； and, 
when laid on in successive coats, that they become detached from 
each other. 

General Pasley, who has paid great attention to the properties 
of natural and artificial hyoiaulic cements, does not agree with 
the French engineers in ms conclusions. He states ^at, when 
skilfully applied, hydraulic cement is superior to an， hydraulic 
mortar for masonry, but that it must be tised only in thin joints ； 
and, when iq^plied as a stucco, that it should be laid on in but one 
coat ； or, if it be laid on in two, the second must be added long 
before the first has set, so that, in fact, the two make but one 
coat. By attending to these precautions, General Pasley states 
that a stucco of hydraulic cement and sand will wiinstand per- 
fectly the effects oi frost. 

113. Mortars eaposed to weather. The French engineersi 
who have paid flreat attention to the subject of mortars, coincide 
in the opinion, that a mortar cannot be made of fat lime* and any 
•nert sands, like those of the sUicious, or calcareous kinds whicb 
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win whlrtaad the onfiatty exposure of ^Breather ； and dnt, to 
obtain a good morter for Ihis purpose, either the hycinulic limee 
mixed with sand mutt be empioyeA, or else common lime mized 
either with arinesy or with a puzzolana and sancL 

114. Any pure sand mixed in proper proportions with hydmulic 
lime, will give a good mortar far the open air; but the haxdneii 
of the mortar will be iifiected by the size of the grain, particulaily 
when hydraulic lime is uMd. Fine sand yieldS the best mortar 
with ffood hydraulic lime ; mixed sand with the feebly hydraiidic 
limes ; and coarse 8«nd with fat lime. 

115. The proportion which the lime should bear to the sana 
seems to depend, in some measure, on the mamer in which tbe 
lime is slaked. AL Vicat 8tat^， that the strength of mortar made 
of a «tiff paste of fat lime, slaked in the ordinary way, increases 
from 0.50 to 2.40 to one of the paste in Tcdume ； and that, when 
the lime Ib Blaked by immersion, one volume of the like paste will 
give a mortar that increases m strength from 0.50 to 2,20 parts 
of sand. 

For one volume of a pa&te of hydraalic lime, slaked in the or- 
dinary way, the tCrenctn of the mortar mcreases from to 1.80 
parts of sand ； and, wnen sltdced by immersiim, the mortar of a 
uke paste increases in strength from to 1 .70 parts of lime. In 
every case, when the dose of sand wad increased beyond these 
proportions, the strength of the resulting mortar was foimd to 
decrease. 

116. ManipulatUms of Mortar, The quality of hydraulic mor- 
tar, which is to be immersed in water, is more affected by the 
manner in which die lime is slaked, and the insredients mixed, 
than that of mortar which is to be exposed to uie weather ； al- 
though in both cases the increase of strenffth, by the best manipu- 
lations^ is sufficient to make a study of uem a matter of s<»iie 
consequence. - 

117. The resuhs obtained from the ordiiiaiy method of slak- 
ing, by sprinkling, or by immenion, in the case of good hydraulic 
limes, are nearly tiie same. Spontaneoas, or aii^aking, giyes 
iDvariabty tbe worst fesuks. For cmmoii and slightly kydmilic 
lime, M, Vicat states that air-dakhig yields the best resuha. mod 
ordinary slaking the wont. 

118. The ingredients of mortar m mcoipoTated either by 
manual labor, or by machinery : the latter method gires results 
superior to the fonner. Th« machines conunonly used for mix- 
ID^ mortar are either the ordinary pug-mill (F^. 4) emjdoyed by 
bndunaken for tempering clay, w a ffrinding-mill, (Fig. 5.) 
The gnndiDg-mill is &e best inachiney oecause it nol - 
dnoes the lumps, which are found in the most caieiuDy fimst 

after the ahking is iqi^Noendy com|dete, but it famigB tht 
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ime to die state of a uniform stiff "aste, wbch it should i6ce m 
before the sand is incorporated w.th it. Care should be takm 
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too muck watei, particularly when the mortar is to be 
in water. The mortar-miU, on this accounti should be 
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•applied may vary with the state of the weather. Nothing seems 
to oe ffained by cairying the process of mixing, beyond obtaining 
a miitorm maaa of the consistence of plastic clay. Mortars of 
hydraulic lime are injured by long exposure to tne air, and fre- 
quent turnings and mixings with a snovel or spade ； those of 
common lime, under like circamstances, seem to be improved. 
If OTter, Kriikh has been set aside for a day or two, will become 
tensibly firmer ； if not alloweld to stand too long, it may be again 
reduced to its clayey consistence, by simply pounding it with a 
beetle, without any fresh addition of water. 

119. Setting and Durability of Mortars. Mortar of common 
Gme, without any addition of puzzolana, will not set in humid 
litoations, like the foundations of edifices, until after a very long 
mpBb of time. They set very soon when exposed to the air, of 
iO an atmosphere of carbonic add gas. If, after having becoma 
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haid in die open air, tliey are placed undei water, they in tuw^ 
lose their cohesion and fall to pieces. 

120. Common mortars, which have had time to iiardeiiy renat 
the action of severe frosts very well, if they are made rather poor, 
or with an excess of sand. The sand should be over 2.40 parts^ 
in bulk, to one volume of the lime in paste ； and coarse sand is 
found to give better results than fine sand. 

121. Good hydraulic mortars set equally well in damp situa. 
tions, and in the open air ； and those which have hardened in the 
air will retain their hardness when immersed in water. They 
also resist well the action of frost, if they have had time to set 
before exposure to it ； but, like common mortars, they require to 
be made with an excess of sand, to withstand well atmospheric 
changes. 

122. The surface of a mass of hydraulic mortar, whether made 
of a natural hydraulic lime or otherwise, when immersed in water, 
becomes more or less degraded by the action of the water upon the 
lime, particularly in a current. When the water is stagnant, a 
very tnin crust of carbonate of lime forms on the surface of the 
mass, owing to the absorption by the lime of the carbonic acid 
gas in the water. This crust, if the water be not agitated, will 
preserve the soft mortar beneath it from the farther action of the 
water, until it has had time to become hard, when the water will 
no longer act upon the lime in any perceptible degree. 

123. Hydraulic mortars set with more or less promptness, ac- 
cording to the character of the hydraulic lime, or of the puzzolana 
which enters into their composition. Artificial hydraulic mortars, 
with an excess of lime, set more slowly than when the lime is in 
a just proportion to the other ingredients. 

124. The quick-setting hydraulic limes are said to furnish a 
mortar which, in time, acquires neither as much strength nor 
hardness as that from the slower-setting hydraulic limes. Ar- 
tificial hydraulic mortars, on the contrary, which set quickly, 
gain, in time, more strength and hardness than those which set 
slowly. 

125. The time io which hydraulic mortars, immerBed in water, 
attain their greatest haidness, is not well ascertained. Mortars 
made of strong hydraulic limes do not show any appreciable in 
crease of hardness after the second year of their immersion ； while 
the best artificial hydraulic mortars continue to harden, in a sen* 
sible degree, during the third year after their immersion. 

126. Theory of Mortars* The paste of a hydrate, either of 
common or of hydraulic lime, when exposed to the air, absorbs 
carbonic acid gas from it ； passes to the state of sub-cafbonate of 
lime ； without, however, rejecting the water of the hydrate, and 
gradually hardens. The time required for the complete satuia 
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ucn of the mass exposed, will depend on its bulk. The absorp- 
tion of the gas commences at tne surface and proceeds more 
dowly towards the centre. The hardening of mortars exposed 
to the atmosphere, is generally attributei) to this absorption of the 

SIS, as no chemical action of lime upon quartzose sand, which is 
e usual kind employed for mortars, has hitherto been detected 
by the most careful experiments. 

127. With regard to hydraulic mortars, it is difficult to account 
for their hardening, except upon the effect which the silicate of 
lime may have upon the excess of simple hydrate of uncombined 
lime contained in the mass. M. Petot supposes, that the parti- 
cles of silicate of lime form so many centres, around whicn the 
uncombined hydrates group themselves in a crystalline form; 
becoming thus sufficiently nard to resist the solvent action of 
water. With respect to the action of quartzose sand in hydraulic 
mortars, M. Petot thinks that the grains produce the same me- 
chanical effect as the particles of the silicate of lime, in inducing 
the aggregation of the uncombined hydrate. 

128. Concrete. This term is applied, by English architects 
and engineers, to a mortar of finely-pulverized quick-lime, sand, 
and gravel. These materials are nrst thoroughly mixed in a dry 
state, sufficient water is added to bring the mass to the ordinary 
consistence of mortar, and it is then rapidly worked up by a 
shovel, or else passed through a pug-mill, llie concrete is used 
immediately after the materials are well incorporated, and while 
the mas8 is hot. 

, 129. The materials for concrete are compounded in various 

, praportions. The most approved are those in which the limo 

and sand are in the proper proportions to form a good mortar 
and the gravel is twice tne bulk of the sand. The gravel used 
should dean, and any pebbles contained in it larger than 
an egg, should be broken up before the materials are incorpo- 
rated. 

130. Hot water has in some cases been used in making con 
Crete. It causes the mass to set more rapidly, but is not other- 
wise of any advantage. 

131. The bulk of a mass of concrete, when first made, is found 
to be about one fifth less than the total bulk of the dry materials 
But, as the lime slakes, the mass of concrete is found to expand 
about three eij^ths of an inch in height, for every foot of the mass 
in depth. 

132. The use of concrete is at present mostly restricted to 
forming a solid bed, in bad soils, for the foundations of edifices, 
[t has also been used to form blocks of artificial stone, for tha 
walls of buildings and other like purposes ； but experience haf 

， diown, that it possesses neither the durability nor strength reqai 

t 
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nie foi stractuTfs of a permanent charaeter, when exposed to the 
adion of water, or of the weather. 

133. BeUm. The term beton is applied, by French engineers 
to any mixture of hydraalic mortar witn fragments of brick, stcme 
or gravel ； and it is now also used by Englirii engineers in the 
fliEUDe sense* 

134. The proportions of the ingredients used for beton are yw- 
riouslj stated by different authors. The sde object for which 
the gravel, or the broken stone is used, beinff to obtain a more 
economical material than a like mass of fayourairHc mortar alone 
would yield, the qaantity of broken stone shaold be as great as 
can be thoronj^hly uiriteclby the mortar. The smallest amotmt of 
mortar, thereiore, that can be used for this pnTpose, will be that 
which will be just equal in rolnme to the void spaces in any ffiven 
bulk of the broken stone, or gravel. The proportion whicS the 
Tolame occupied by the void spaces bears to any bulk of a loose 
material, like broken stone, or gravel, may be readily ascertained 
by filling a vessel of known capacity with the loose material, and 
pouring in as much water as the vessel will contain. The vol- 
ume of water thus foand, will be the same as that of the ydd 
spaces. 

135. Beton made of mortar and broken stone, in which the 
proportions of the ingredients were ascertained by the process 

• just detailed, has been found to give satisfactory results ； but, in - 
order to obviate any defect arising from impertect manipulation, 
it is usual to add an excess of mortar above that of the Toid 
spaces. 

The best and most economical beton is made of a mixture of 
broken stone, or brick, in fragments not larffer than a hen's egg, 
and of coarse and fine gravel mixed in suitable proportions. 

136. In making beton, the mortar is first prepared, aiul then 
incorporated with the finer gravel ； the resulting mixture is spread 
out into a cake, 4 or 6 inches in thickness, over which the coarser 
gravel and broken stone are uniformly strewed and pressed down, 
2ie whole mass being finally brought to a homogeneous state Trith 
die hoe and shovel. 

Beton is used for the same purposes as concrete, to which it 
IS superior in every respect, but particularly so for foundational 
laid under water, or in humid localities. 

137. Adherence of Mortar.' The force with whidi mcxrtan in 
general adhere to otner materials, depends on the nature d the 
material, its texture, and the state of the surface to which the 
mortar is applied. 

138. Mortar adheres most strongly to brick ； and more feebly 
o wood than to any other material. Among stones, its adhetioa 
to lime-stone is generally greatest ； and to rasalt and sand-t^xmec, 
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*ea8t. Among stones of the same class, it adheres genendlybet* 
ler m the porous and coarae-grained, than to the compact and 
fiM-firained. Ammg surfaces, it adheres more itrongly to the 
roogn than to the amooth. 

139. The adhesion of common mortsr to brick and stone^ far 
the first few years, is greatei than the coherion of hs own pafti-* 
cles. The force with which hydraulic cement adheres to the same 
materials, is less than that of the cohesion between its own parti- 
cles : and. from some recent experiments of Colonel Pasley, on 
this subject, it would seem that hydraulic cement adheres with 
nearly tae same force to polished surfaces of stone as to rough 
suj&ces. 

140. From experiments made by Rondelet, on the adhesion oi 
common mortar to sUme, it appears it required a force vary 
ing from 15 to 30 pounds on the square inch, applied peipendku 
hr to the plane of the joint, to separate the mortar and stone 
after dix months union ； whereas, only 5 pounds to the square 
inch was required to separate the same wa&cesj when applied 
paraUel to the jAme of the joint. 

From experiments made by Colonel Pasley, he concludes that 
the adhesive force of hydraulic cement to stone, may be taken as 

Sh as 125 pounds on the square inch, when the joint has had 
e to haraen throughout ； but, he remarks, that as in large 
joints the exterior part of the joint may have hardened while the 
•or still remains soft, it is not safe to estimate the adhesive 
, in such cases, higher than from 30 to 40 pounds on the 
ftpiare inch. 

MASTIC& 

141. The term Mastic is generally applied to artificial or natu 
nl combinations of bituminous or resinous substances with other 
tngredients. They are converted to various uses in ccmstructions, 
eiuer as cements for other materials, or as coatings, to render them 
imperriaas to water. 

142， Bituminous Mastic. The knowledge of this material 
dates back to an early period ； but it is oiuy within, compara- 
tirely speaking, a few years that it has come into common use in 
Europe and tms country. The most usual form in which it if 
now employed, is a combination of mineral tar and powdered 
bitommous lime-stone. 

143. The localities of each of thete substances are very mi* 
ineronB ； but they are chiefly brought into the market from several 
places in Switzenand and Ixance, where these mixeials are found 
m ffreat abundance ； the most noted being Val-de-Trareni in 
SmtzerlaiKly and Seyssel in France. 

144. T> mineral tar is usoally obtained by bo*ling in water a ■ 
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ioft sand-Stone, called by the French molasse, which is 8ts(mg}y 
impregnated with the tar. In this process, the tar is disenfiaged 
and rises to the surface of the water, or adheres to the aides of 
the vessel, and the earthy matter remains at the bottom. Am 
analysis of a rich specimen of the Seyssel bituminous sand-stone 
gave the following results : 一 

BitamiDOiis oil . .086 > ^-. «^ 
Carbon • • • .020 P*™* • 

Quulzy gnuns 690 

Calcareous grains . . 

1.000 



145. The bituminous lime-stone which, when reduced to a 

IK)wdered state, is mixed with the mineral tar, is known at the 
ocalities mentioned by the name of asphaltum, an appellation 
which is now usually given to the mastic. This lime-stone occurs 
in the secondary formations, and is found to contain various pro- 
portions of bitumen, varying mostly from 3 to 15 per cent" ^rith 
the other ordinary minerals, as argile, &c" which are met with 
in this formation. 

146. The bituminous mastic is prepared from these two mate- 
rials by heating the mineral tar in cast-iron or sheet-iron boilers, 
and stirring in the proper proportion of the powdered lime- 
stone. This operation, although very simple in its kind, requires 
great attenliun and skill on the part of the workmen in managing 
the fire, as the mastic may be injured by too low, or too high a 
degree of heat. The best plan appears to be, to apply a brisk 
fii3 until the boiling liquid commences to give out a thin whitish 
vapor. The fire b then moderated and kept at a uniform state, 
and the powdered stone is gradually added, and mixed in with the 
tar by stirring the two well together. When the temperature has 
been raised too high, the heated mass gives out a yellowish or 
brownish vapor. In this state it should be stiired rapidly, and be 
removed at once from the fire. 

147. The asphaltic stone may be reduced to powder, either by 
roasting it in vessels over a fire, or by grinding it down in the or- 
dinary mortar-mill. For roasting, the stone is first reduced to 
fragments the size of an egg. Tnese fragments are put into an 
*ion vessel ； heat is applied, and the stone is reduced to powder 
by stirring it and breaking it up with an iron instrument. Tliis 
process is not only less economical than grinding, but the ma- 
terial loses a portion of its tar from evaporation, besides being 
liable to injury from too great a degree of heat. For grinding, 
the stone is first broken as for roasting. Care should be taken, 
during 言 he process, to stir the mass frequently, otherwise it may 
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km into a cake. Cold dry weather is the best season for ihif 
opeFation; the stone, however, should not be exposed to tb« 
weather. 

148. Owing to the Tixiable quantity of mineral tar in bitami 
Qous lime-stone, the best praportioDs of the tar and powdered stone 
for bituminous mastic, cannot be assigned beforehand. Three oi 
four per cent, too much of tar, is said to impair both the durability 
ind tenacity of the mastic ； while too small a quantity is equally 
prejudicial. Generally, from eight to ten per cent, of the tar, by 
weighty has been found to yield a favorable result. 

149. Mastics have been formed by mixing vegetable tar, pitch, 
and other resinous substances, with litharge, powdered brick, 

Swdered lime-stone, &;c. ； but the results obtained have gener- 
y been inferior to those from bituminous mastic. 

150. Mineral tar is more durable than vegetable tar, and on this 
account it has been used alone as a coating for other materials, 
but not with the same success as mastic. Employed in this way 
the tar in time becomes dry and peels off ; whereas, in the form 
of mastic, the hard matter with which it is mixed prevents the 
evaporation of the oily portion of the tar, and thus promotes its 
duiability. 

151. The uses to which bituminous mastic is applied are daily 
increasing. It has been used for paving in a vanety of forms 
either as a cement for large blocks of stone, or as the matrix of a 
concrete formed of small fragments of stone or gravel ； as a point 
Dg, it is found to be more serviceable, for some purposes, thar 
ftydxaulic cement ； it forms one of the best water-Ugnt coatings 
for cisterns, cellars, the cappings of arches, terraces, aod otbei 
similar roofings now in use ； and is a good preservative agent foi 
wood w<Mrk exposed to wet or damp. 



GLUE. 

152. The common animal glue is seldom used es a cement for 
any other purpose than for the work of the joiner. Although of 
conaiderable tenacity, it is weak, brittle, and readily impaired by 
moisture. 

153. Within a few years back, a material termed marine glue, 
the invention of Mr. Jeffery of England, has attracted attention in 
England and France, in both which countries its qualities as a 
cement, both for stone and wood, have been tested with the most 
latLsfactory results. This composition is said to be made by fint 
dissolviiig caoutchouc in coal naphtha, in the proportion of one 
pound of the former to fire gallons of the latter ； to this solution 
an equal weight of shellac is added, and the composition ui thei 
placed over a &e and thoroughly mixed by stirring 



44 



BUILDIMO MATERIALS 



164. Owing to its insolubility in water, its remarfcab.e tenacity 
and adhesion, aiKi its powers of contraction and expansion througtt 
a very considerable range of temperature, ^thout Decoming either 
very soft or brittle, the marine giue promises to be not only a val 
uable addition to the resources of the naval architect, but to the 
civil engineer. 

BRICK. 

155. This malmal is properly an artificial stone, {bmied by 
submitting common day, which nas undergone suitable prejMLia* 
tion, to a temperature sufficient to convert it into a sezm-vitiified 
state. 

156. Brick may be used for nearly all the purposes to which 
Btone'is applicable ； for when carefully made, its strength, hard 
nese, and durability, aie but little inferior to the more ordinary 
kmdiB of building stone. It remains unchanged mider the ex- 
tremes of temperature ； resists the action of water ； sets firmly 
and promptl]^ with mortar ； and being both cheaper and lighter 
than itone, is preferable to it for many kinds of structures, as 
arches, the walft of houses, &c. 

167. The art of brick-making is a distinct branch of the useful 
arts, and does not properly belong to that of the engineer. But 
as the eiLzineer is ireauentiy obli^d to prepare this material him 
self, the lollowing outline of the process may prove of service. 

158. The best brick earth is ccHnposed of a mixture of puie 
clay and sand, deprived of pebbles oi every kind, but particularly 
of those which c(Hitain lime, and pyiitous, or other metallic sub> 
stances ； as these substances, when in large quantities, and in the 
form of pebbles, act as fluxes, and destroy the shape of the brick, 
and weaken it by causing cavities and cracks ； but in small quan- 
•ties, and equally difiused throughout the earth, they assist the 

'ification, and give it a more uniform character. 

^59. Good brick earth is frequently found in a natural state, 
jmd requires no other preparation for the purposes of the brick- 
maker* When he w obliged to prepare tne earth by mixing the 
pure clay and sand, direct experiments should, in all cases, be 
made, to ascertain tiie proper pro{>ortions of the two. If the clay 
is in excess, the temperature required to semi-vitrify it, will cause 
it to warp, shrink, Bxid crack ； and, if there is an excess of sand^ 
complete vitrification will ensue, under similar drcumstances. 

160. The quality of the brick depends as much on tho care 
bestowed on its manu&cture, as on tne quality of the earth. The 
font stage of the process is to free the earth nrom pebbles, which 
18 most effectually done by digging it out early in the autumn, 
and exposing it in small heaps to the weather during the winter. 
In the spring, the heaps are carefully riddled, if necessary, wad 
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ifae earth is then in a proper state to be kneaded or tcm].«er€d. 
The quantity of water required m tempering, will de{>end on tlia 
quality of the earth ； no more should be used, than will be suffi 
cient to make the earth so pkstic, as to admit of its being easQ;^ 
moalded by the workman. About half a cubic foot of water to 
one of the earth is, in most cases, a good proportion. If too much 
water "be used, the brick will not omy be very slow in diying, bu. 
it will, in most cases, crack, owing to the surface becoming com- 
pletely dry, before the moisture oi the interior has had time to 
escape ； the consequence of which will be, that the briclc^ when 
burnt, will be either entirely unfit for use, or very weak. 

161. Machinery is now coming into very general use in mould- 
ing brick : it is superior to manual labor, not oiJy from the labor 
wvedy but from its yielding a better quality of bnck, by giving it 
great density, which adds to its strength. 

162. Great attention is requisite in drying the brick before it 
umecL It should be placed, for this purpose, in a dry expo* 

sore, and^e sheltered from the direct action of the wind and sun, 
in order that the moisture may be carried off slowly and uniformly 
from the entire surface. When this precaution is not taken, the 
brick will generally crack from the unequal shrinking, arising 
from onepart dryjng more rapidly than the rest. 

163. Tne, burning and cooling should be done with equal care. 
A very moderate fire should be applied under the arches of the 
kiln for about twenty-four hours, to expel any remaining moisture 
from the raw brick; this is known to be completely effected, 
when the smoke from the kiln is no longer black. The fire is 
then increased until the bricks of the arches attain a white heat ； 
it is then allowed to abate in some degree, in order to prevent 
complete vitrification ； and it is alternately raised and lowered in 
this way, until the buming is complete, which may be ascer- 
tained by examining the Bricks at the top of the kiln. The 
cooling should be slowly effected ； otherwise the bricks will not 
withstand the effects oi*the weather. It is done by closing 
the mouths of the arches, and the top and sides of the kiln in 
the most effectual manner with moist clay and burnt brick, and 
allowing the kiln to remain in this state until the warmth has 
subsided. 

164. Brick of a good quality exhibits a fine, compact, uaiform 
texture, when broken across ； gives a clear ringing sounds when 
gtruck ； and is of a cheny red, or brownish color. Three varie- 
ties are found in the kiln ； those which fonn the arches, denom 
mated arch brick, are always vitrified in part, and present a 
gmyish fflassy appeai:^ce at one end ； they are very hard, but 
twittle, OI inferior strength, and set badly with mortar ； those from 
die interior of the kiln» usually denominated body, hard, or cherrtf 
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brick, are of the best quality ； those from near the top and sidea^ 
are generally underbumt, and are denominated soft, pale, or sam- 
melorick ； they have neither sufficient strength, nor durability 
for heavy masonry, nor the outside courses of walls, which «urc 
exposed to the weather. 

165. The quality of good brick may be improved bv soaking 
it for some days in water, and re-buming it. This process in 
creases both tne strength and durability, and renders the brick 
more suitable for hydraulic constructions, as it is found not tc 
imbibe water so readily after having undergone it. 

166. The size and form of bricks present but trifling variations. 
They are generally rectangular parallelopipeds, from eight to nine 
inches long, from four to four and a half wide, and from two to 
two and a quarter thick. Thin brick is generally of a bettei 
quality than thick, because it can be dri^ and burned more 
uniformly. 

167. Fire-brick. This material is used for the faring of fur 
naces, fireplaces, &c., where a high degree of temperature is to be 
sustained. It is made of a very refractory kind ot pure clay, that 
remaiivs unchanged by a de^ee of heat which would vitrify and com 
pletely destroy ordinary bnck. A very remarkable bnck of thi» 
character has been made of agaric mineral; it remains un- 
changed under the highest temperature, is one of the worst con- 
ductors of heat, and so light that it will float on water. 

168. Tiles, As a roof covering, tiles are, in many respects, 
superior to slate, or metallic coverings. They are strong and 
durable, and are very suitable for the covering of arches, as their 

CI weight is not so objectionable here, as in the case of roofs 
ed of frames of timber. 
Tiles should be made of the best potter's clay, and be moulded 
with great care to give them the greatest density and strength. 
They are of yery variable form ana size ； the worst being the 
flat square form, as, from the liability of the clay to warp in bum* 
bg, they do not make a perfectly water-tight covering, 

WOOD. 

169. This material holds the next rank to stone, owing to fts 
durability and strength, and the veiy gener U use made of it in 
CQDStructions. To suit it to the puiposes of the engineer, the 
tree is felled after having attained its mature growtii, and the 
trunk, the larger branches that spring from the trunk, and the 
main parts of the root, are cut into suitable dimensions, ard sea- 
•ODed, in which state, the term timber is applied to it The 
crooked, or compass timber of the branches and roots, is motsdj 
applied to the purooaes of 8h^>-biii]diiigy for the knees and othei 
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puts of the frame-work of vessels, requuing crooked timber 
The trunk furnishes all the straight timber. 

170. The trunk of a full-crown tree presents three distinct 
parts : the bark, which forms me exterior coating ； the sap^ood^ 
which is next to the bark ； the heart, or inner part, which is easily 
distinguishable from the sap-wood by its greater firmness and 
darker color. • 

171. The heart forms the essential part of the trunk, as r 
building material. The sap-wood possesses but little strength 
and is subject to rapid decay, owing to the great quantity of Tei 
mentablc matter contained in it ； and the bark is not only without 
strength, bu" if suffered to remain on the tree after it is felled, it 
hastens the decay of the sap-wood and heart. 

172. Trees should not be felled for timber until they have at- 
tained their mature growth, nor after they exhibit symptoms of 
decline ； otherwise, the timber will be less strong, and far less 
durable. Most forest trees arrive at maturity between fifty and 
one hundred years, and commence to decline after one hundred 
and fifty or two huBdred years. The age of the tree can, in most 
cases, be ascertained either by its external appearances, or by 
cutting into the centre of th/ trunk, and counting the rings, or 
layers of the sap and heart, as a new ring is fonned each v ear in 
the process of vegetation* When the tree commences to decline, 
the extremities of the old brancnes, and particularly the top, ex- 
hibit signs of decay. 

173. Trees should not be felled while the sap is in circulation ； 
for this substance is of a peculiarly fermentable nature, and, there- 
fore, very productive of destruction to the wood. The winter 
months, and July, are the seasons in which trees are felled for 
timber, as the sap is generally considered as dormant during these 
months ； this practice, however, is in part condemned by some 
writers ； and the recent experiments of M. Boucherie, in France, 
support this opinion, and indicate midsummer and autumn as the 
seasons in which the sap is least active, and therefore as most 
ikyorable for feUing. 

174. As the sap-wood, in most nees, forms a large portion of 
the trunk, experiments have been made, for the purpose of im- 
proving its strength and durability. These experiments have beeu 
mosdy directed towards the manner of preparing the tree, before 
felling it. One method consists ji girdling, or making an in 
dsion with an axe around the trunk, completely through the sap- 
wood, and suJfering the tree to stand iA this state until it is dead ； 
'le other consists in barking, or stripping the entire trunk of its 

*k, without wounding the sap-wood, early in the spring, and ai- 
ring the tree to stand until the new leaves have put lorth a id 
leu, before it is felled. The sap-wood of trees, treated by both 
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of dbese raetfaods, was found weiy much improved in faanlBeM 
itrength, and durability ； the resuks firom ^ir^liog were, howem 
inferior to those from Daxkiac. 

^ 176. The seasaniog of tiinber is of the gmtett impoitance, xuH 
only toitB durability, not to the solidity ox die structure for whidi 
It may be used ； as a very difiA Bhxinking of same of the pieoes, 
arising from the seasoning of the wood, might, in many caaeB, 
cause materid injury, if not complete destraction to the structure. 
Timber is considerod as snffidendy seasoned, for the puiposet 
of frame-work, when it has lost abocu one Mh of the weight 
which it has in a green state. Several me&ods sre in uae for 
seasonmg timber : they consist either in an exposure to the air 
for a certain period in a sheltered position, wbicn is termed 
ral seasoning ； in imm^gion in water, tenne^ water seasoning ； 
oc in boiling, or steaming. 

176, For natural seasoning, it is UBually recommended to strip 
trunk of its branches and bark, inimeaiately upon felling, and 

to remove it to some dry position, until it can be sawed into suit* 
able scantling. IVom the experiments of M. Boucheiie, just 
dted, it would seem that better results would ensue, firom aUow- 
ing the branches and bark to remain on the trunk for some days 
after felling. In tbifi state, the vital action of the tree continuing 
in operation, the sap-vessels wil^be gradually exhausted of sap, 
and filled with air, and the trunk thus better prepared for the pro- 
cess of seasoning. To complete the seasoning, the sawed timbei 
should be piled under drying sheds, where it will be freely ex- 
posed to the circulation ot the air, but sheltered firom the oirect 
action of the wind, rain, and son. By taking these precautions, 
an equable evaporation of the moisture will take place over the 
entire surface, which will prevent either warping or splitting, 
which necessarily ensues wnen one part dries more rapioly than 
mother. It is farther recommended, instead of piling the pieoes 
on each other in a horizontal position, that they be laid on cast- 
iron supports properly preparea, and with a sumcient inclinatioQ 
to facilitate the drippms of the sap from one end ； and that heavy 
round timber be bored through the centre, to expose a greater 
surface to the air, as it has been found that it cracks more in sea* 
Bonixig than square timber. 

Natural seasoning is preferable to any other; as timber Reasoned 
in this way is both stronger and more cmrable than when prepared 
by any artificial process. Most timber will require, on an aver- 
age, aoout two years to become fully seasoned in the natuial 
way. ' 

177. The process of seasoning by immereion in water, is slow 
and imperfect, as it takes years to' saturate heary timbi^r ； and 
the soluble matter is discharged very slowly, and cniefly &' om the 



WOOD 



49 



eitenor layers of the immersed wood. The practice of keeping 
timber in water, with a view to facilitate its seasoning, has been 
caodemned as of doubtful utility ； particularly immersion in salt 
water, where the timber is liable to the inroads of those two very 
destructive inhabitants of our waters, the Limnoria Tetebrans, 
and Teredo Navalis ； the former of which rapidly destroys the 
heaviest log8,T)y gradually eating in between the annual rinffs ； 
and the latter, the well-known sMp^worm, by converting timt >er 
into a perfect honeycomb state by its numerous perforations. 

178 Steaming is mostly in use for ship-builoin^, where it is 
necessary to soften the fibres, for the purpose of bending large 
pieces oi timber. This is effected by placing the timber in strong 
steam-tight cylinders, where it is subjected to the action of steam 
long enough for the object in view ； the period usually allowed, 
is one hour to each inch in thickness. Steaming slightly impairs 
the strength of timber, but renders it less subject to decay, and 
less liable to wjurp and crack. 

179. When timber is used for posts partly imbedded in the 
ground, it is usual to char the part imbedded, to preserve it from 
deca^. This method is only serviceable when the timber has been 
previously well seasoned ； but for green timber it is highly inju- 
rious, as by closing the pores, it prevents the evaporation from the 
sur&ce, and thus causes feimentation and rapid decay within. 

180. The most durable timber is procured from trees of a dose 
compact texture, which, on analysis, yield the largest quantity of 
carbon. And those which grow in moist and shady localities, 
Aimish timber which is weaker and less durable than that from 
trees growing in a dry open exposure. 

181. Timber is subject to defects, arising either from some 
peculiarity in the growth of the tree, or from the effects of the 
weather. Straight-grained timber, free from knots, is superior 
in strength and quality, as a building material, to that which is 
the reverse. , 

182. The action of high winds, or of severe frosts, injures the 
tree while standing : the former separating the layers from each 
other, forming what is denominated rotted timber; the latter 
cracking the timber in several places, from thf surface to the 
centre. These defects, as well as those arising from worms, or 
age, are easily seen by examining a cross section of the trunk. 

183. The wet and dry rot are the most serious causes of the 
decay of timber ； as all uie remedies thus far proposed to prevent 
them, are too expensive to admit of a very general application. 
Both of these causes have the same origin, fermentation, aiid 
consequent putrefaction. The wet rot takes place in wood ex- 
posed, alternately, to moisture and dryness ； and the dry rot is 
occasioned by want of a free circulation of air, as in confined 
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warm localities, like cellars and the more confined parts cf 
vessels. 

Ttees of rapid growth, which contain a arge portion of sap- 
wood, and timber of every description, when used green, where 
there is a want of a free circulation of air, decay very rapidly with 
die rot. 

184. Numberiess experiments huve been made on the preser 
vation of timber, and many processes for this purpose have been 
patented both in Europe and this country. Several of these 
processes hare yielded me most satisfactory results ； and nearly 
all have proved more or less efficacious. The means mostly re- 
sorted to have been the saturation of the timber in the solution 
of sbme salt with a metallic, or earthy base, thus forming an in 
soluble compound with the soluble matter of the timber. The 
salts which nave been most generallv tried, are the sulphate of 
iron, or copper, and the chloride of mercury, zinc, or calcium 
The results obtained from the chlorides have been more satisfac 
tory than those from the sulphates ； the latter class .of salts with 
metallic bases possess undoubted antiseptic properties ； but it is 
stated that tlie freed sulphuric acid, arising from the chemical 
action of the salt on the wood, impairs the woody fibre, and 
changes it into a substance resembling carbon. 
" 185. The processes which have come into most general use, 
are those of Mr. Kyan, and of Sir W. Burnett, caUed after the 
patentees kyanizing and bumetizing. Kyan's process is to sat- 
urate the timber with a solution of chloriae of mercury ； ujing, 
for the solution, one pound of the salt to five gallons of water 
Burnett uses a solution of chloride of zinc, in the proportioL of 
one pound of the salt to ten gallons of water, for common piir- 
poses ； and a more highly concentrated solution when the ohject 
is also to render the wood incombustible. 

186. As timber under the ordinary circumstances of immer- 
sion imbibes the solutions very slowly, a more expeditious, as 
well as more perfect means of saturation has been used of late, 
which consists in placing the wood to be prepared in strong 
wrought-iron cylinders, lined with felt and boards, to protect the 
iron from the action of the solution, where, first by exhausting 
the cylinders of air, and then applying a strong pressure by means 
of a force-pump, the liquid is forced into the sap and air-vessels, 
and penetrates to the very centre of the timber. 

187. Among the patented processes in our country, that of Mr, 
Eayte has received most notice. This consists in boiling the 
timber in a solution of the sulphates of copper ard iron. Opinion 
seems to be divided as to the efficacy of this method. It has been 
tried for the preservation of timber for aitiUery carriages, but i ol 
wHh satisfactory results 
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T88. M. Eoucherifc 、 whose able researches on this subject 
reference has been made, noticing the slowness with which 
aqueous solutions were imbibed by wood, when simply im- 
mersed in them, conceived the ingenious idea of rendering the 
vital action of the sap-vessels subservient to a thorough impreg- 
nation of every part of the trunk where there was tuis vitality 
To effect this, ne first immersed the butt end of a freshly-felled 
tree in a liquid, and found that it was difihsed throughout all parts 
of the tree, in a few days, by the action in (j|uestion. But, find 
•ng it difficult to manage trees of some size when felled, M. 
Boucheiie next attempted to saturate them before felling ； for 
which purpose he bored an auger-hole through the trunk, and 
made a saw-cut from the auger-hole outwards, on each side, to 
within a few inches of the exterior, leaving enough of the fibres 
untouched to support the tree. One end of the auger-hole was 
then stopped, as well as all of the saw-cut on the exterior, and 
the liquid was introduced by a tube inserted into the open end of 
the auger-hole. This metHod was found equally efficacious with 
the first, and more convenient. 

189. After examining the action of the various neutral salts on 
the soluble matter contained in wood, M. Boucherie was led to 
Iry the impure pyrolignito of iron, both from, its chemical compc^ 
fiitioo and its cheapness. The results of this experiment were 
perfectly satisfactory. The pyrolignite of iron, in the proportion 
of one oftielh in weight of the green wood, was found not only to 
preserve the wood from decay, but to harden it to a very high 
degree. 

190. Observing that the pliability and elasticity of wood de- 

gsnded, in a great measure, on the moisture contained in it, M. 
oucherie next directed his attention to the means of improving 
these properties. For this purpose, he tried solutions of various 
deliquescent salts, which were lound to answer the end proposed. 
Among these solutions, he gives the preference to that of chloride, 
of calcium, which also, when concentrated, renders the wood in- 
combustible. He also recommends for like purposes the mother 
water of sak-marshes, as cheaper than the solution of the chloride 
of calcium. Timber prepared in this way is not only improved 
in elasticity and pliability, but is prevented from warping and 
cracking ； the timber, however, is subject to greater variations ii? 
weight than when seasoned naturally. 

191. M. Boucherie is of opinion that the eanhy chlorides will 
also act as preservatives, but to ensure this he recommends that 
tbey be mixed with one fifth of pyrolignite of iron. 

192. From other experiments of M, Boucherie, it appears thai 
the sap may be expelled from any freshly-felled limoer by the 
pressure of a liquid, and the timber be impregnated as thoroughly 



52 



BUILDING MATERIALS 



as b)' the preceding processes. To effect this, the piece to bd 
saturated is placea in an upright position, so that tne sap may 
flow readily from the lower end ； a water-tight bag, containing 
the liquid, is affixed to the upper extremity which is surmounted 
by the liquid, the pressure from which expels the sap, and filla 
the sap-vessels with the liquid. The process is complete when 
the liquid is found to issue in a pure state from the lower end of 
the stick. 

193. Either of the above processes may be applied in impreg- 
nating timber with coloring matter for ornamental purposes. The 
plan recommended by M. Boucherie, consists in introducing 8ep« 
arately the solutions by the chemical union of which the color is 
to be formed. 

194. The effect of time on the durability of timber, prepared 
by any of the various chemical processes which have just been 
detailed, remains to be seen ； although results of the most satis- 
factory nature may be looked for, considering the severe tests to 
which 'most of them have been submitted, by exposure in situa- 
tions peculiarly favorable to the destruction oi ligneous sub- 
stances. 

195. The durability of timber, when not prepared by any of 
the above-mentioned processes, varies greatly under different cir- 
cumstances of exposure. If placed in a sheltered position, and 
exposed to a free circulation of air, limber will last for centuries, 
without showing any sensible changes in its physical proper- 
ties. An equal, if not superior, durability is observed when it 
is immersed in fresh water, or embedcfed in thick walls, or 
undei ground, so as to be beyond the influence of atmospheric 
changes. 

196. In salt water, however, particularly in warm climates^ 
timber is rapidly destroyed by the two animals already noticed : 
the one, the limnoria terebrans^ attacking, it is said, only station* 
ary \irood, while the attacks of the other, the teredo navalis, are 
general. Various means have been tried to guard against the 
ravages of these destnictiye agents ； that of sheathing exposed 
timber with copper, or with a coating of hydraulic cement, affixed 
to the wood by studding it thickly over with broad-headed nails to 

Sive a hold to the cement, has met with full success ； but the ozi- 
ation of the metal, and the liability to accident of the cement, 
limit their efficacy to cases where they can be renewed. The 
chemical processes for preserving timber from decay, do not ap- 
pear to guard them in salt water. A process, however, of pre- 
serving timber by impregnating it with coal tar, patented in this 
country by Professor Kenwick, appears, from careful experi- 
tnents, also to be efficacious against tne attack of the enip-womi. 
A coatii>g of Jeffeiy'8 marine glue, when impregnated with 8om« 
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3f the inflolible mineral poisons destructive to animal life, is said 
jo subserve the same end^ 

197. The best seasoned timber wil rot ^thstand die effects 
of exposure to the weather for a much greater period than twenty 
frfe years, unless it is protected by a coating of paint or pitch, 
or of oil laid on hot, when the timber is partly charred over a light 
blaze. These substances themselves, being of a perishable na 
tare, require to be renewed, from time to time, and will, there* 
fore, be serviceable only in situations which admit of their renewal. 
They are, moreover, more hurtful than serviceable, to unseasoned 
timber, as by closing the pores of the exterior surface, they pre- 
vent the moufture from escapiiij^ from within, and, therefore, pro- 
mote one of the chief causes of decay. 

198. The forests of our own country produce a great variety 
of the best timber for every purpose, and supply abundantly both 
our own and foreign markets. The following genera are in most 
common use. 

^ 199. Oak. About forty-four species of this tree are enumera- 
ted by botanists, as found in our forests, and those of Mexico. 
The most of them afford a good building material, except the 
Taiiedes of red oak, the timber of which is weak, and decays 
rapidly. 

The White Oak, (Querais Albaj) so named from the color 
of Its bark, is among the most valuable of the species, and is in 
very general use, but is mostly reserved for naval constructions ； 
Its trunk, which is large, serving for heavy frame-work, and the 
roots and larger branches affording the best compass timber. The 
wood is strong and durable, and of a slightly reddish tinge ； it is 
not suitable for boardB, as it shrinks about seasoning, and 
is very subject to warp and crack. 

This tree is found most abundantly in the Middle States. It 
is seldcHn seen, in comparison with other forest trees, in the 
Eastern and Southern States, or in the rich valleys of the West- 
em States. 

Post Oak, (Quercus ObtusUoba.) This tree seldom attains a 
greater diameter than about fifteen inches, and, on this account, 
18 mostly used for posts, from which use it takes its name The 
wood has a yellowish hue, and close grain ； is said to exceed 
white oak in strength and durability ； and is, therefore, an excel- 
lent building material for the lighter kinds of firame-work. This 
tree is found most abundantly in the forests of Maryland and Vir- 
giniay and is there frequently called Box White t)ak, and Iron 
Oak, It also grows in the forests of the Southeni and Western 
States, but is rarely seen farther north than the mouth of the 
Hudson River. 

Chesnut "White Oak, ( Q^iercus Prinus Palustris.) The tun 
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oer of ihis tree 2 strong and durable, but inferior to (he two pro 
ceding species. The tree is abundant from North Carolina ti 
Florida. 

Rock Chesnu Oak, {Quercus Prinus MarUicoIa.) The timbef 
of this tree is mostly in use for naval constructions, for which il 
is esteemed inferior only to the white oak. The tree is fc und in 
the Middle States, and as far north as Vermont. 

Live Oak, {Querois Virens.) The wood of this tree is of a 
yellowish tinge ； it is heavy, compact, and of a fine grain ； it is 
stronger and more durable than any other species, and, an this 
account, it is considerol invaluable for the purposes of ship 
building, for which it is exclusively reserved. 

The live oak is not found farther north than the neighborhood 
of Norfolk, Virginia, nor farther inland, than from ^fteen to twenty 
miles from the seacoast. It is found in abundance, along the 
coast south, and in the adjacent islands as far as the mouth of the 
Mississippi. 

200. Pine. This very interesting genus is considered inferior 
only to the oak, from the excellent timber afforded by nearly all 
of it9 species. It is regarded as a most valuable building mate 
rial, owing to its strength and durability, the stfaightness of its 
fibre, the ease with which it is wrought, and its applicability to 
all the purposes of constructions in wood. 

Yellow Pine, {Pinus Mitis.) The heart-wood of this tree is 
fine-grained, moderately resinous, strong, and durable ； but the 
sap-wood is very inferior, decaying rapidly on exposure to the 
weather. The timber is in very general use for frame-work, &c. 

This tree is found throughout our country, but in the greatest 
abundance in the Middle States. In the Southern States, it is 
known as Spruce Pine and Short-leaved Pine. 

Long-leaved Pine, or Southern Pine, {Pinus Ausiralis.) This 
tree has but little sap-wood : and the resinous matter is muformly 
distributed throughout the heart-wood, which presents a fine com- 
pact grainy having more hardness, strength, and durability, than 
any otner species of the pine, owing to which qualities the timbei 
is in very great demand. 

The tree is first met with near NcHrfolk, Virginia, and from this 
point south, it is abundantly found. 

White Pine, or Northern Pine, {Pinus Strobus.) This tree 
takes its name from the color of its wood, which is white, soh 
light, straight-grained, and durable. It is inferior in strength to 
the species just described, and has, moreover, the defect of swell* 
mg in damp weather. Its timber is, however, in great demand 
ns a good building material, being almost the only kind in use in 
the Eastern and Northern Stales, for the firame-waik and joineiy 

houses, dec 
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The finest specimens of this tree grow in the fore?/s of Maine 
• t is ftund in great abundance between the 4dd ard 47th paral 
keiB, N. L. 

.201. Among the forest trees in less general use than the oak 
hud pine, the Locust, the Chesnut, the Red Cedar, ard the Larch, 
bold the first place for hardness, strength, and durability. They 
are chiefly used for the fraocs-work of vessels. The chesnut, the 
iocust, and the cedar, are preferred to all other trees for posts. 

202. The Black, or Double Spruce, {Abies Nigra,) also af - 
fords an excellent material, its timber being strong, durable, and 
light. 

203. The Junwer or White Cedar, and the Cypress, are veri 
celebrated for anording a material, which is very light, and oi 
great durability, when exposed to the weather ； owing to these 
qualities, it is almost exclusively used for shingles ana other ex- 
terior coverings. These two trees are found, in great abundance, 
in the swamps of the Southern States. 

METALS. 

204. The metals in most common use in constructions are 
Irony Copper, Zinc, Tin, and Lead. 

IRON. 

205. This metal is very extensively used for the purposes of 
the engineer and architect, both in the state of Cast /ron, and 
Wrought Iran. 

206. Cast Iron is one of the most valuable building materials, 
owing to its great strength, hardness, and durability, and the ease 
with which it can be cast, or moulded, into the best forms, for 
the purposes to which it is to be applied. 

207. Cast iron is divided into two principal varieties, the Gray 
cast iron, and White cast iron. There exists a very marked dif- 
ference between the properties of these two varieties. There 
are, besides, many intermediate varieties, which partake more oi 
leas of the properties of these two, as they approach, in their ex- 
ternal appearances, nearer to the one or the other. 

208. Gray cast iron, when of a good quality, is slightly malle- 
able in a cold state, and wil， 」 一" leadily to the action ot the file, 
when the hard outside coating is removed. This variety is also 
sometimes termed soft gray cast iron ； it is softer and toughei 
than the white iron. When broken, the surface of the fiacture 
presents a granular structure ； the color is gray ； and the lustre 
is what is termed metallic, resembling gmall brilliant particles of 
ead strewed over the surface. 

209. White cast iron is very hard and brittle ； when recently 
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broken, the surface of the fracture presents a listiiictly'marked 
crystalline structure ； the color is white ； and lustre vitieous, or 
oearing a resemblance to the reflected light from an aggregation 
of small crystals. 

210. Mr. Mallet, in a very able Report made to 、 the British 
Association for the Advancement of Science, remarking on the 
great want of uniformity, among manufactured of iron, in the 
terms used to describe its different varieties, proposes the follow- 
ing nomenclature, as comprising every variety, with their distinc- 
tive characters. 

Silvery. Least fusible ； thickens rapidly when fluid by a 
spontaneous puddling ； crystals vesicular, often crystalline ； in- 
capable of being cut by chisel or file ； ultimate cohesion a maxi* 
mum ； elastic range a minimum. 

Micaceous, Very soft ； greasy feel ； peculiar micaceous ap- 
pearance generally owing to excess of manganese ； soils the fin- 
gers strongly ； crystals large ； runs very fluid ； contractiop large. 

Mottled. Tough and hard ； filed or cut with difficulty ； crys- 
tals large and small mixed ； sometimes runs thick ； contraction in 
cooling a maximum. 

Bright Gray. Toughness and hardness most suitable for 
working ； ultimate cohesion and elastic range generally are bal- 
anced most advantageously ； crystals unifonn, very minute. 

Dull Gray. Less tougn than the preceding ； other characten 
alike ； contraction in cooling a minimum. 
• Dark Gray. Most fusible ； remains long fluid ； exudes graphite 
in cooling ； soils the fingers ； ciystals large and lamellar ； ultimate 
cohesion a minimum, and elastic range a maximum. 

211. The gray iron is most suitable where strength is required ； 
and the white, where hardness is the principal requisite. 

212. The color and lustre, presented by me surface of a recent 
fracture, are the best indications of the quality of iron/ A uni, 

^ form dark gray color, and high metallic lustre, are indications of the 
best and strongest. With the same color, but less lustre, the iron 
will be found to be softer and weaker, and to crumble readily. 
Iron ivithout lustre, of a dark and mottled color, is the softest and 
weakest of the gray varieties. 

Iron of a light gray color and high metallic lustre, is usually 
▼cry hard and tenacious. As the color approaches to white, and 
the metallic lustre changes to vitreous, hardness and brittleness 
become more marked, until the extremes of a dull, or grayish white 
color, and a very high vitreous lustre, are attained, which are the 
indications of the hardest and most brittle of the while variety, 

213. The quality of cast iron may also be tested, by striking a 
smart stroke with a hammer on the edee of a casting. If Uie 
blow produces a slight indentation, without any appearance of 
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fracture, it shows that the iron is slightly malleable, and, there* 
fore, of a good quality ； if, on the contrary, the edge is broken, it 
indicates brittleness in the material, and a consequent want of 
strebgth. 

214. The strength of cast iron varies with its density ； and thia 
element depends upon the temperature of the metal when drawn 
from the furnace ； the rate of cooling ； the head of metal under 
which the casting is made ； and the bulk of the casting. 

215. The density of iron cast in vertical moulds increases, ac- 
cording to Mr. Mallet's experiments, very rapidly from the top 
downward, to a depth of about four feet below the top ； from this 

Sint to the bottom, the rate, of increase is very nearly uniform. 
1 other circumstances remaining the same, the density decreases 
with the bulk of the casting ； hence large are proportionally 
weaker than small castings. 

216. From all of these causes, by which the strength of iron 
may be influenced, ifis very difficult to judge of the quality of a 
casting by its external characters ； in general, however, if ihh 
exterior presents a uniform appearance, devoid of marked ine- 
qualities of surface, it will be an indication of uniform strength. 

217. The economy in the manufacture of cast iron, arising 
from the use of the hot blast, has naturally directed attention to 
the comparative merits between iron produced by this process 
and that from the cold blast. This subject has been ably inves- 
tigated hy Messrs. Fairbaim and Hodgkinson, and their results 
published in the Seventh Report of the British Association. 

Mr. Hodgkinson remarks on this subject, in reference to the 
results of bis experiments : " It is rendered exceedingly probable 
that the introduction of a heated blast into the manufacture of 
cast iron, has injured the softer irons, while it has frequently 
mollified and improved those of a harder nature ； and considering 
the small deterioration that" some " irons have sustained, and the 
apparent benefit to those of* others, " together with the great saving 
enacted by the heated blast, there seems good reason for the pro- 
cess becoming as general as it has done.*' 

218. From a number of specific gravities given in these R©- 
ports, the mean specific gravity of cold blast iron is nearly 7.091, 
that of hot blast 7.021. 

219. Mr. Fairbaim conchides his Report with these observa 
dons, 88 the results of the investigations of himself and Mr. Hodg 
kioson : " The ultimatum of our inquiries, made in this way, 
stands, therefore, in the ratio of strength, 1000 for the cold blast 
to 1024.8 for the hot blast ； leaving the small fractional difference 
of 24.8 in favor of the hot blast." 

" The relative powers to sustain impact, are likewise in favo 
nftfae hot blast, being in the ratio of 1000 to 1226.3 " 

8 
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220. Wrought Iron. The color, lustre, and texture of a reeeik 
fracture, present, also, the most certain indications of the •quality 
cf wrought iron. The fracture submitted to examination,* should 
be of bars at least one inch square ； or, if of flat bars, they should 
be at least half an inch thick ； otherwise, the texture will be so • 
^eatly changed, arising from the greater elongation of the fibres, 
in bars of smaller dimensions, as to present none of those dis- 
tinctive differences observable in the iracture of large bars. 

221. The surface of a recent fracture of good iron, presents a 
clear gray color, and high metallic lustre ； the texture is granular, 
and the grains have an elongated shape, and are pointed aznl 
slightly crooked at their ends, civing the idea of a powerful force 
having been employed to produce the fracture. When a bar, 
presenting these appearances, is hammered, or drawn out into 
small bars, the surface of fracture of these bars will have a very 
marked fibrous appearance, the filaments being of a white color 
and very elongated. 

、 222. When the texture is either laminated, or crystalline, it is 
an indication of some defect in the metal, arising either from the 
mixture of foreign ingredients, or else from some neglect in the 
process of forging. 

223. Burnt iron is of a clear gray color, with a slight shade 
of blue, and of a slaty texture. It is soft and brittle. 

224. Cold short iron^ or iron that cannot be hammered when 
cold without breaking, presents nearly the same appearance as 
burnt iroii, but its color inclines to white. It is very haid and 
brittle. 

225. Hot short irony or that which breaks under the ham- 
mer when heated, is of a dark color without lustre. This de- 
fect is usually indicated in the bar by numerous cracks on the 
edges. 

226. The fibrous texture, which is developed only in smaL 
bars by hammering, is an inherent quality ot good iron ； those 
varieties which are not susceptible of receiving this peculiar tex- 
ture, are of an inferior quality, and should never be used for pur- 
poses requiiing great strength : the filaments of bad varieties are 
short, and the fracture is of a deep color, between lead gray and 
dark gray. 

227. The best wrought iron presents two varieties ； the Hard 
and Soft. The hard variety is very strong and iuctiie. It pre- 
serves its granular texture a lon^ time under the action of the 
hammer, and only developes the fibrous texture when beaten, or 
drawn out into small rods : its filaments then present a silvel 
white appearance. 

228. The soft variety is weaker than the hard ； it yields easilj 
tc the hammer ； and it commences to ex libit, under its action 
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e fiorou6 texture in tolerably larffo bars. The color i the 
ires is between a silver white and lead gray. 

229. Iron may be naturally of a good quality, and stil , firom, 
being badly refined, not present the appearances which ore re- 
garded as sure indications of its excellence. Among the defects 
arising from this cause are blisters, flaws, and cinder-holes. 
Generally, however, if the surface of fracture presents a texture 
partly crystalline and partly fibrous, or a fine granular texture, ii 
which some of the trains seem pointed and crooked at the points, 
together with a lignt gray color without lustre, it will indicate 
natural good qualities, which require only careful refining to 
fully developed. 

^0. The strength of wrought iron is very variable, as it de- 
pends not only on the natural qualities of the metal, but also upon 
the care bestowed in forging, and the greater or less conmres** 
sion of its fibres, when cLrawn or hammered into bars of difierent 
sizes. 

231. In the Report made by the sub-committee^ Messrs. John 
son and Reeves, on the strength of Boiler Iron, {Journal of Frank* 
lin Institute, vol. 20, New Series,) it is stated that the following 
order of superiority obtains among the different kinds of pig 
metal, with respect to the malleable iron which they furnish :— • 
1 Lively gray ； 2 White ； 3 Mottled gray ； 4 Dead gray ； 
5 Mixed metals. 

The Report states, " So far as these experiments may be con 
sidered decisive of the question, they favor the lighter complexion 
of the cast metal, in preference to the darker and mottled Tarie 
ties; and they place the mixture of different sorts among the 
worst modifications of the material to be used, where the object 
is mere tenacity." 

232. These experiments also show that piling iron of different 
degrees of fineness in the same plate is injurious to its quality, 
owing to the consequent inequality of the welding. 

233. From these experiments, the mean specific gravity of 
boiler iron is 7.7344, and of bar iron 7.7254. 

234. Durability of Iron, The durability of iron, under the 
different circumstances of exposure to which it may be submitted, 
depends on the manner in which the casting may have been made ； 
the bulk of the piece employed ； the more or less homogeneous- 
ness of the mass ； its density and hardness. 

235. Amon^ the most recent and able researches upon the ac 
tion of the ordinary corrosive agents on iron, and the preservaUYa 
means to be employed against mem, those of Mr. Mallet, given in 
the Report already mentioned, hold the first rank. A brief re- 
aq)itulation of the most prominent conclusions at wliich lu> \uui 
vrhred, is all that can be attempted in this place. . 
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236. When iron is only partly immersed in water» jr wholly 
unmersed in water composea of strata of different denbities, like 
that of tidal rivers, a Toltaic pile of one solid and twi fluid bodies 
is formed, which causes a more rapid corrosion than when the 
liquid is of uniform density. 

237. The corrosive action of the foul sea water of docks and 
harbors is far more powerful than that of clear sea, or fresh water, 
owing to the action of the hydro-sulphuric acid which, being dis* 
engaged from the mud, impregnates the water, and acts on the 
iron. 

238. In clear fresh river water, the corrosive action is less than 
under any other circumstances of immersion ； owing to the ab- 
sence of corrosive agents, and the firm adherence oi the oxide 
formed, which presents a hard coat that is not washed off as in 
sea water. 

239. In clear sea water, the rate of corrosion of iron bars, one 
inch thick, is from 3 to 4 tenths of an inch for cast iron in a cen- 
tury, and about 6 tenths of an inch for wrought iron. 

240. Wrought iron corrodes more rapidly in hot sea water than 
under any other circumstances of immersion. 

241. The same iron when chill cast corrodes more rapidly than 
when cast in ffreen sand ； this arises from the chilled surface 
being less uniform, and therefore forming voltaic couples of iron 
of different densities, by which the rapidity of corrosion is in- 
creased. 

242. Castings made in dry sand and loam are more durable 
under water than those made in green sand. 

243. Thin bars of iron corrode more rapidly than those of more 
bulk. This difference in the rate of corrosion is more striking in 
the soft, or graphitic specimens of cast iron, than in the hard and 
silvery. It is caused by the more rapid rate of cooling in thin 
than m thick bars, by which the density of the surface of the for- 
mer becomes less uniform. These causes of destructibility may, 
in some degree, be obviated in castings composed of ribbed 
pieces, by making the ribs of equal thickness with the main 
pieces, and causing them to be cooled in the sand, before strip- 
ping the moulds. 

The hard crust of cast iron promotes its durability ； when 
this is removed to the depth of one fourth of an inch, the iron cor- 
rodes more rapidly in both air and water. 
、 245. Corrosion takes place the less rapidly in any variety of 
ron, in proportion as it is more homogeneous, denser, harder, and 
doser grained, and the less graphitic. 

246. The more ordinary means uoed to protect iron against 
the action of corrosive agents, consjst of paints and yamishet. 
These, ui der the usual circumstances of atmospheiic exposttr. 
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are of but slight efficacy, and require to be frequently renewed. 
In water, they are all rapidly destroyed, with ue exception of 
boiled coal-tar, which, when laid on hot iron, leaves a bright ana 
solid yamish of considerable durability and protective power. 

247. The rapidly increasing purposes to which iron has been 
applied, within the last few years, has led to reseaiches upon the 
agency of electrochemical action, as a means of protecting it from 
、«rrosion, both in air and water. Among the processes resorted 
lo for this purpose, that of zincking, or as it is more commonly 
known, galvanizing iron has been most generally introducea. 
The experiments of Mr. Mallet, on this process, are decidedly 
asainst zinc as a permanent electro-chemical protector. Mr. 
Mallet states, as the result of his observations, that zinc applied in 
fdsion, in the ordinary manner, over the whole surface of iron, 
will not preserve it longer than about two years ； and that, so 
soon as oxidation commences at any point of the iron, the protec- 
dre power of the zinc becomes considerably diminished, or even 
entirely null. Mr. Mallet concludes, " On the whole, it may be 
affirm^ that, under all circumstances, zinc has not yet been so 
applied to iron, as to rank as an electro-chemical protector to- 
wards it in the strict sense ； hitherto it has not become a preven- 
chre, but merely a more or less effective palliative to destruction." 

248. In extending his researches on this subject, with alloys 
ef copper and zinc, and copper and tin, Mr. Mallet found that tne 
alloys of the last metals accelerate the corrosion of iron, when 
▼oltaically associated with it in sea water ； and that an alloy of 
the two first, represented by 23 Zn + 8Cm, in contact with iron, 
protects it as. fully as zinc alone, and suffers but little loss from 
the electro-chemical action ； thus presenting a protective en- 
ergy more permanent and invariable than that of zinc, and giving 
a nearer approximation to the solution of the problem, " to obtain 
a mode of electro-chemical protection such, that while the iron 
shall be preserved the protector shall not be acted on, and whose 
protection shall be invariable." 

249. In the course of his experiments, Mr. Mallet ascertained 
that the softest gray cast iron bears such a voltaic relation to hard 
blight cast iron, when immersed in sea water and voltaically as- 
sociated with it, that although oxidation will not be prevented on 
either, it will still be greatly retarded on the hard, at the expense 
of the soft iron. 

250. In concluding the details of his important researches on 
thijt subject, Mr. MaUet ma^es the following judicious remarks : 
" The engineer of obseryant habit will soon have perceived, that 
in exposed works in iron, equality of section or scantling, in all 
parts sustaining equal strain, is far from ensuring equal passive 
power of permanent resistance, unless, in addition to a general 
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allowance for loss of substance by corrosion, this latter element 
be so provided for, that it shall be equally balanced over the whole 
structure ； or, if not, shall be compelled to confine itself to por- 
tions of the general structure, which may lose substance without 
injuring its stability." 

" Tiie principles we have already esU jlished sufficiently g tide 
us in the modes of effecting this ； regard must not only be had to 
the contact of dissimilar metals, or of the same in dissimilar fluids, 
but to the scantling of the casting and of its parts, and to the con- 
tact of cast iron with wrought iron or steel, or of one sort of cast 
iron with another. Thus, in a suspension bridge, if the links of 
the chains be hammered, and the pins rolled, the latter, where 
equally exposed, will be eaten away long before the former. In 
marine steam-boilers, the rivets are hardened by hammering until 
cold ； the plates, therefore, are corroded through round the rivets 
oefore these have suffered sensibly ； and in uie air-pumps and 
condensers of engines working with sea water, or in pit work, and 
pumps lifting mineralized or * bad' water from mines, the cast 
iron perishes first round the holes through which wrought-iron 
bolts, iLc.j are inserted. And abundant other instances might be 
given, showing that the effects here spoken of are in practical 
operation to an extent that should press the means of counteract- 
ing them on the attention of the engineer." 

251. Since Mr. Mallet's Report to the British Association, he 
has invented two processes for the protection of iron from the ac- 
tion of the atmosphere and of water ； the one by means of a coat- 
•ng formed of a triple alloy of zinc, mercury, and sodium, or po- 
tassium ； the other by an amalgam of palladium and mercury, 

252. The first process consists of forming an alloy of the metals 
used, in the following manner. To 1292 parts of zinc by weight, 
in a state of fusion, 202 parts of mercury are added, and Uie 
metals are well mixed, by stirring with a rod of dry wood, or one 
)f iron coated with clay ； sodium, or potassium is next added, in 
email quantities at a time, in the proportion of one pound to every 
ton by weight of the other two metals. The iron to be coated 
with this alloy is first cleared of all adhering oxide, by immersing 
it in a warm dilute solution of sulphuric, or of hydro-cUoric acid, 
vashing it in clear cold water, and detachinff all scales, by striking 
it with a hammer ； it is then scoured clean by the hand with sand, 
or emery, under a small stream of water, until a bright metallic 
lustre is obtained ； while still wet, it ft Immersed in a bath formed 
of equal parts of the cold saturated solutions of chloride of zinc 
and sal-ammoniac, to which as much more solid sal-ammoniac ia 
added as the solution will take up. The iron is allowed to re* 
ortaia in this bath until it is covered by minute bubbles of ffas ； it 
18 then taken oat, allowed to drain a few seconds, and plunged 
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Dito the fused dloy, from which it is withdrawn so soon as ii na 霧 

auired the same temperature. When taken from the metallic 
li, the iron should be plunged in cold water and well washed. 

253. Care must be taken tnat the iron be not kept too long in 
the metallic bath, otherwise it may be fused, owing to the great 
affinity of the alloy for iron. At the proper fusing temperature 
of the alloy, about 680。 Fahr., it will dissolve plates of iron one 
eighth of an inch thick in a few seconds ； on this account, when- 
ever small articles of iron have to be protected, the afiinity of the 
alloy for iron should be satisfied, by fusing some iron in it before 
unmersing that to be coated. 

254. The other process, which has been termed palladiumizing^ 
consists in coating the iron, prepared as in the first process for 
the reception of die metallic coat, with an amalgam oi palladium 
and mercury. 

COPPER. 

255. The most ordinary and useful application of this metal in 
constructions, is that of sheet copper, Which is used for roof cov- 
erings^ and like purposes. Its durability under the ordinary 
changes of atmosphere is very great. Sheet copper, when quite 
thin, is apt to be defective, from cracks arising from the process 
of drawing it out. These may be remedied, when sheet copper 
is to be used for a water-tight sheathing, by tinning the sheets on 
one side. Sheets prepared in this way nave been found to be very 
durable. 

The alloys of copper and zinc, known under the name of brass, 
and those of copper and tin, known as bronze, gun-metaly and 
beU-metal, are, in some cases, substituted for iron, owing to their 
superior hardness to copper, and being less readily oxidized than 
iron. 

/JNC. 

256. This metal is used mostly in the form of sheets ； and for 
water-tight sheathings it has nearly displaced every other kind of 
sheet metal. The pure metallic surface of zinc soon becomes 
covered with a very thin, hard, transparent oxide, which is un 
changeable both in air and water, and preserves the metal beneath 
it from farther oxidation. It is diis property of the oxide of zinc, 
which renders this metal so valuable for sheathing purposes ； but 
rfs durability is dependent upon its not being brought into contact 
with iron in the presence of moisture, as the galvanic action which 
would then ensue, would soon destroy the zinc. On the same 
account zinc should be perfectly free from the presence of iron 
ag a verj' small quantity of the oxide of this last metal when con 
lained in zinc, is found to occasion its rapid destruction. 
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257. Besides the alloys of zinc already mentioned, this meta. 
alloyed with copper forms one of the most useful solders ； and 
Its alloy with lead has been proposed as a cramping metal foi 
uniting the parts of iron work together, or iron work to other ma- 
terials, in the place of lead, which is usually employed for this 
puipose, but which accelerates the destruction of iron in contact 
with it. 

TIN. 

258. The most useful application of tin is as a coating for 
sheet iron, or sheet copper : tne alloy which it forms, in this way, 
upon the surfaces of tne metals in question, preserves them for 
some time from oxidation. Alloyed with lead it forms one of the 
most useful solders. 

LEAD. 

259. Lead in sheets forms a very good and durable roof cover- 
ing, but it is inferior to both copper and zinc in ienacity and 
durability ； and is very apt to tear asunder on inclined surfaces, 
particularly if covered with other materials, as in the case of the 
capping 01 water-tight arches. 

PAINTS AND VARNISHES. 

260. Paints are mixtures of certain fixed and volatile oils, 
chiefly those of linseed and turpentine, with several of the metal 
lie salto and oxides, and other substances which are used either 
as pigments, or to give what is termed a body to the paint, and 
also to improve its drying properties. 

261. Paints are maiiuY used as protective agents to secure 
wood and metals from Uie destructive action of air and water. 
This they but imperfectly effect, owing to the unstable nature of 
the oils that enter into their composition, which are not only de- 
stroyed by the very agents a^nst which they are used as pro- 
tectors, but by the chemical cnanges which result from the action 
of the elements of the oil upon the metallic salts and oxides. 

262. Paints are more durable in air than in water. In the lat^ 
ter element, whether fresh or salt, particularly if foul, paints are 
soon destroyed by the chemical changes which take place, both 
from the action of the water upon the oils, and that of the hydro* 
sulphuric acid contained in foul water upon the metallic salts and 
oxiaes. 

263. However carefully made or applied, paints soon become 

i)ermeable to water, owing to the very minute pores which arise 
rom the chemical changes in their constituents. These changes 
will have but little influence upon the preservative acticn of painta 
upon wood exposed to the effects of the atmosphere, provided the 
wood be well seasoned before the paint is applied, and that the 
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latter be renewed at suitable intervals of time. On metals these 
changes have a very important bearing. The permeability of the 
{Miint to moisture causes the surface of the metal under it to rust, 
and this cause of destraction is, in most cases, promoted by the 
chemical changes which the paint undergoes. 

264. Varnishes are soluttona of various resinous substances 
in solvents which possess the property of drying rapidly. They 
aie med for the same piupose^ as paints, and have generally the 
same defects. 

265. The following are some of the more usual compositioiui 
of paints and yarnishes. 

White Paint, {for exposed wood.) 



White lead, ground in oil . • . 80 

Boiled oil 9 

Raw oil 9 

Spirits turpeotine 4 

The white lead to be ground in the oil, and the spirits of tm 
pcntine added. 

Black Paint. 

Lamp-blaok . . 98 

Litharge 1 

Japan varnish 

Linseed oil, boiled 73 

Spirits tnipentine 1 

Letid Color. 

White lead, grouod in oil . • 75 

Lamp-black 1 

Boiled linseed oil 93 

Litharge 0.5 

Japan taniish 0.6 

Spirits turpentine S.6 



Gray, or Stone Cohr, (Jor buildings.) 

White lead ground in oil 
Boiled oil • • 
Raw oil . 

Spiriu of turpentine 
Tiirkey nmber 
Lamp-Uftck • 
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Lackers for Cast Iron. 
1 — BImek lead, imlTerixed . 19 
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8 —Anti-corrosion • 

Grant's black, ground in oil • 

Red lead, as a dryer • • 

Linaeed oil • • • • 

Spirits turpentine • • • 



Copal Varnish. 



Gum copal, (in dean lamps) , • • S6.5 

Boiled linseed oil . / • • 43.5 

Spirits turpentioe 81 

Japan Varnish. 

Litharge • • 4 

Boiled oil 87 

Spirits turpentine 9 

Red lead .6 

Umber 1 

Gam shellac 8 

Sugar of lead 9 

White Titriol 1 



The proportions of the above compositions are givei* j， iOO 
parts, by weight, with the exception of lacker 2. 

The beautmil black polish on the Berlin castings for oniE mental 
purposes, is said to be produced by laying the following comjK)- 
fition on the hot iron, and then baking it. 



Bitumen of India 0.6 

Resin 0.6 

Drying oil 1.0 

Copal, or amber Tarnish . • • 1.0 



Enough o\l of turpentine is to be added to this mixture to make 
it spread. 

266. From experimentB made by Mr. Mallet, on the preseira 
tive properties ot paints and Tamighes for iron immersed in water, 
it appears that caoutchouc Tamish is the best for iron in hot 
water, and asphaltum varnish under all other circumstances ； but 
that boiled coal-tar, laid on hot iron, fonns a superior coating to 
either of the foregoing. 

267. Mr. Mallet recommends the following compositions for a 
paint, termed by him zoofagous paint, and a Tarnish to be used 
to preseire zincked iron both from corrosion and from fouling in 
«ea water. 

Varnish far zincked Iran, 

To 50 lbs. of foreign asphaltum, melted and boi ed in an iron 
vessel for three or four hours, add 16 Iba. of red leac and litharge 
ground to a fine powder, in equal proportions, with 10 gals, of 
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drying linseed oil, and bring the whole to a nearly boiling tem- 
perature. Melt» in a second vessel, 8 l|;s. of gum-anim6 ； to 
which add 2 gals, of drying linseed oil at a boiling heat, with 12 
lbs. of caoutonouc partially dissolved in coal-tar naphtha. Pour 
the contents of the second vessel into the first, and boil the whole 
ffentlvy until the yamish, when taken up between two spatulas, is 
found to be tough and ropy. This composition, when quite cold, 
is to be thinned down for use with from 30 to 35 gals, of spirit! 
of turpentine^ or, of coal naphtha. 

268. It is recommended that the iron should be heated before 
receiving this varnish, and that it should be appHed with a spatula, 
cnr a flexible slip of horn, instead of the ordinary brush. 

When dry and hard, it is stated that this varnish is not acted 
upon by any moderately diluted acid, or alkali ； and, by long im- 
mersion in water, it does not form a partially soluble hydrate, as 
18 the case with purely resinous varmshes and oil paints. It can 
whh difficulty be removed by a sharp-pointed tool ； and is so 
elastic, that a plate of iron covered with it may be bent several 
times before it will become detached. 

Zoofagaus Paint. 

269. To 100 lbs. of a mixture of drying linseed oil, red lead, 
folphate of baiytes, and a little spirits of turpentine, add 20 lbs. 
of the QxycUoride of copper, and 3 lbs. of yellow soap and com- 
mon miiiy in equal proportions, with a little water. 

When zincked iron is exposed to the atmosphere alone, the var- 
nish is a sufficient protection for it ； but when it is immersed in 
«ea water, and it is desirable, as in iron ships, to prevent it from 
fouling, by marine plants and animals attacning tnemselves to it, 
the paint should be used, on account of its poisonous qualities. 
The paint is applied over the varnish, and is allowed to harden 
three or four days before immersion. 



RESULTS OF EXPERIMENTAL RESEARCHES ON THE 

STRENGTH OF MATERIALS. 

Z70. Whatever may be the physical structure of materials, 
whether fibrous or granular, experiment has shown that they all 
possess certain general properties, among the most importaiJt of 
which to the engineer are those of contraction^ elongation, de, 
tectum, torsion, and lateral adhesion^ and the resistances whicb 
cfaeae offer to the forces by which they are called into actioo.* 

•8e€NaU J>^ Appendix. 
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271 All solid bodies, when submitted to strains by which mj 
ol these properties developed, have, within certain limits, 
termed the limits of elasticity, the properly of wholly orpartiall^ 
resuming their original state, when the strain is taken on. This 
property is usually denominated the elastic force^ and has for its 
measure, in the case of contraction, or elongation, the ratio be* 
tween the force which causes the one or the other of theae staietf 
and the fraction which measures the degree of contracUon, or 
elongation. 

272. To what extent bodies possess the property of total re- 
covery of form, when relieved from a strain, is still a matter of 
doubt. It has been generally assumed, that the elasticity of a 
material does not undergo permanent injury by any strain less 
than about one third of that which would entirely destroy its force 
of cohesion, thereby causing rupture. But from the most recent 
experiments on this point made by Mr. Hodgkinson on cast iron, 
it appears that the restoring power of this material is destroyed by 
very slight strains ； and it is rendored probable that this and most 
other materials receive a permanent change of form, or set^ under 
any strain, however small. 

273. The extension, or contraction of a solid, may be effected 
either by a force acting in the direction in which the contraction, 
or elongation takesplacey or by one acting transversely, so as to 
bend the body. ！ Experiments have been made to ascertain^ di- 
rectly, the proportion oetween the amount of contraction^ or eloii> 
gation, and the forces by which they are produced. From these 
experiments, it results, that the contracjtions, or elongations are, 
within certain limits, proportional to the forces, but that an equal 
amount of contraction, or elongation, is not produced by the same 
amount of force. From the experiments of Mr. Hodgkinson and 
M. Duleau, it appears, that in cast and malleable iron the con- 
traction, or elongation, caused by the same amount of pressure, 
or tension, is nearly equal ； while in timber, according to Mr. 
Hodgkinson, the ambunt of contraction is about four fifths of the 
elongation for the same force. 

274. When a solid of any of the materials used in construe* 
lions is acted upon by a force so as to produce deflection, eneri- 
ment has shown that the fibres towards the concave side oi the 
bent solid are contracted, while those towards the convex side 
are elongated ； and that, between the fibres which are contracted 
and those which are elongated, others are fouod which have not 
undergone any change of length. The part of the solid occupied 
by these last fibres has received the name of die neutral line, oi 
neutral axis. 

275. The hypothesis usually adopted, with respect to the cir- 
cumstanceB attending this kind of strain, is that the contzactionf 
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and elongations of the fibres on each side of the neutral axis are* 
proportional to their distances from this line ； and that, for slight 
deflections, the neutral axis passes through the centre of fflravit) 
of the sectional area. From experiments, however, by Mr.Hodg- 
kinsiMi and Mr. Barlow, it appears that the neutral axis, in fcnrged 
iron and cast iron, lies nearer to the concave than to the convex 
surface of the bent sdid, and, probably, shifts its position when 
the degree of deflection is so great as to cause rupture. In tim- 
ber, accordii^ to Mr. Bariow, the neutral axis lies nearest to the 
conrex sur&ce ； and, from his experiments on solids of forged 
iron and timber with a rectangular sectional figure, he places the 
neutral axis at about three eignths of the depth of the section from 
the conrex side in timber, and between one third and one fifth of 
die depth of the section from the concave side in forged iron. 

276. When the strain to which a solid is subjected is suffi- 
ciently great to destroy the cohesion between its particles, and 
cause rapture, experiment has shown that the force producing 
this effect, whether it act by tension, so as to draw the fibres 
asunder, or by compression, to crush them, is proportional to the 
secdoiml area of the solid. The measure, therefore, of the re- 
sistance offered by a solid to rupture, in either g[ these cases, is 
that force which will rupture a sectional area of the solid repre 
sented by unity. 

277. From experiments made to ascertain the circumstances 
of rupture by a tensile force, it appears that the solid torn apart 
exhibits a surface of fracture more or less even, according to the 
nature of the material. 

278. Most of the eiperiments on the resistance to rupture 
by compression, have been made on small cubical blocks, and 
hare given a measure of this resistance greater than can be de- 
pended upon in practical applications, wnen the height of the 
solid exceeds three times the radius of its base. This point has 
been very fully elucidated in the experiments of Mr. Hodg- 
kinson upon the rapture by compression of solids with circular 
and rectangular bases. These experiments go to prove, 'that the 
circumstances of rupture, and the resistance offered by the solid, 
Taiy in a constant manner with its height, the base remaining the 
same. In columns of cast iron, with circular sectional areas, it 
was found that the resistance remained constant for a height less 
than three times the radius of the base ； that, from this height to 
one equal to six times the radius of the base, the resistance still 
remained constant, but was less than in the fonner case ； and 
that, for any height greater than six times the radius of the base, 
the resistance decreased with the height. In the two first cases 
the solids were found to yield either by the upper portion slidin|r 
flff upon the lower, in the direction of a plane making a constan 
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ande with the axis of the solid ； or else by separatuig Ui.o com 
cal, or wedge-shaped blocks, having the upper and lower sur&cef 
of the solid as their bases, the angle at the apex being double thai 
made by the plane and axis of the solid. With regaid to the re< 
Bistances, it was fcund that they varied in the ratio of the area of 
the bases of the solijs. Where the height of the solid was greatef 
than six times the radius of the base, rupture generally took placa 
by bending. 

279. From experiments by Mr. Hodgkinson, on wood and 
other substances, it would appear that like circumstances accom- 
pany the rupture of all materials by compression ； that is, within 
certain limits, they all yield by an oblique surface of fracture, the 
angle of which with the axis of the solid is constant for the same 
material ； and that the resistances offered within these limits are 
proportional to the areas o£ the bases. 

280. Amonff the most interesting deductions drawn by Mr. 
Hodgkinson, uom the wide range of his experiments upon the 
strength of materials, is the one which points to the existence 
of a constant relation between the resistances offered by materials 
of the same kind to rupture from compression, tension, and a 
transverse strain. The following Table gives these relations, 
assuming the measure of the crusning force at 1000. 



DBtoizmov or matbkxal. 


Grashiof Ibmper 
■quareineh. 


Mean leoaile Ibrae 
per sqaaro lach. 


Iftftii tmsvone (bun 
ofa bar 1 inch sqmre 
and 1 foot Umg. 


Timber .... 
Cast iron • 

j Glass, (plate and crown) 


1000 
1000 
1000 
1000 


1900 
158 
100 
1S3 


85.1 
19.8 
0.8 
10 



281. Strength of Stons. The marked difference in the 
Btructure, and in the proportions of the component elements fre- 

Siently observed m stone from the same quarry, would lead to 
e conclusion that corresponding yariations would be found in 
the strength of stones belonging to the same class ； a conclusion 
which experiment has con&med. The experiments made by 
different individuals on this subject, from not having been con- 
ducted in the same manner, and from the omission in most cases 
of details respecting the structure and component elements of the 
materia, tried, have, in some instances, led to contradictory re 
sultB. A few facts, however, of a general character have beexi 
ascertained, which may serve as guides in ordinary cases ； but 
in important structures, where heavy pressures are to be sua- 
tained, direct experiment is the only sale course for the engineer 
to follow, in selecting a material from untried quarries. 
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282. Owing to the ease with which stones generally break 
under a percussive force, and from the comparatively slight re* 
distance they offer to a tensile force, and to a transverse strain, 
the]f are seldom submitted in structures to any other strain than 
one of compression ； and cases but rarely occur where this strain 
is not greatly beneath that which the better class of building 
stones can Bustain pennanently, without undergoing any change 
in their physical properties. Where the durability of the stone, 
therefore, is well ascertained, it may be safely used without a re 
sort to any specific experiment upon its strength, whenever, in 
its structure and general appearance, it resembles a material of 
the same class known to be good. 

283. The following Table exhibits the principal results of ex- 
peiiments made by Mr. G. Reimie, and published in the Philo» 
gophical Transactions 0^1818. The stones tried were in small 
cubes, measuring one and a half inches on the edge. The table 
gives the pressure, in tons, borne by each superficial inch of the 
stone at the moment of crushing. 



raacBiFTioM or tress. 


Spee. parity. 


OnsUngw'ght 


Oranites, 








8.695 


4.83 
3.70 
3.83 


Sand-stones. 










9.06 
9.70 
1.40 


lAme-sUmes, 






MaTble, (white-veined Italian) • • 

DeTonshire, {red marble) . 

Portland stone, {fine-grained oolite) . . 


S.726 
3^28 


4.33 
4.11 
3.95 
3.31 
3.04 



The following results are taken from a series of experiments 
made under the direction of Messrs. Bramafa & Sons, and pub- 
lished in Vol. 1， Transactions of the Institution of Civil JBn- 

fineers. The first column of numbers cives the weights, in tons, 
ome by each superficial inch when the stones commenced to 
fracture ； the second column gives the crushing weight, ir ton% 
CO the same surface. 
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MMUPTioM or STOn. 


Aver, weight pro- 
dodag Imcturei. 


AiFeanife cnuhtaif 
wdfht. 


Granites, 










6.64' 


Aberdeen, (bhie) • • 


4.13 


4.64 


Heytor 


3.94 


6.19 






6.48 






4.88 


Peterhead, {blue gray) . 


9.86 


1.36 


Sand'Stones, 






Yorkshire . • 


S.87 


3.04 






3.97 






2.06 






1.06 



The following Table is taken from one published in Vol. 2, 
CivU Engineer and Architect's Journal, which forms a part of 
the Report on the subject of selecting stone for the New HouBea 
of Parliament. The specimens submitt^ to experiment were 
cubical blocks measuring two inches on an edge. 



MscBipTiov or sTora. 


specific gmvity. 


Welfht produ-^ 
dug fracture. 


Crathinf w*ght 


Sand^tonts. 








Craigleith • 


3.232 


1.89 


• 3.5 




9.628 


3.75 


3.1 


Heddon 


9.229 


0.83 


1.75 






1.51 


9.81 


Mansfield • • . • 


3.338 


0.88 


1.64 


Magnesiim Lanesianes, 












8.91 


3.75 




9.147 


1.03 


1.98 


Roach Abbey • ■ * 參 


3.134 


0.76 


1.78 






0.33 


\M 


OaUU§. 








Ancaster • . 


S.163 


0.75 


1.04 


Bath Box 


1.839 


0.66 


0.66 






0.95 


1.76 


Kettoa 


S.045 


0.69 


1.18 














0.60 
1.33 
0.09 


0.79 


8.000 


Chilmark, (si^iciout) • . 
Hamhill 


9.481 


S.I9 

L80 



The numbers of the first column give the specific gravities 
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diose in the second column the weight in tons on a Jtare inch, 
when the stone commenced to fracture ； and those in the third 
the Grashing weight on a square inch. 

The following Table exhibits the results of experiments on the 
resistance of stone to a transverse strain, made by Colonel Pasley. 
on prisms 4 inches long, the cross section being a square of 9 
incnes on a side ； the distance between the points of support 
3 inches. 



Bnoumoir or nora. 


Weight of stone 
par enUe foot 
in lb*. 


Avmm Um]da§ 
weight in Ibt. 


1. Kentish Ri^ 

S. Torkfihire Laadiog • • 

3. Cornish granite • • 

4. Portland . 

5. Craigleith 

6. Bath 

7. Well-burned bricks • • • • 

8. Inferior bricks 、 • • • • 

1^ 




4581 
2887 
2808 
368d 
1896 
666 
753 
339 



884. The conductors of the experiments on the stone for the 
New Houses of Parliament, Messrs. Daniell and Wheatstone, 
who also made a chemical analysis of the stones, and applied to 
them Braid's process for testing their resistance to frost, have 
appended the following conclusions from their experiments : 一 
" fif the stones be divided into classes, according to tneir chemical 
composition, it will be found that in all stones of the same class 
there exists generally a close relation between their various phy- 
sical qualities. Thus it will be observed that the specimen wnich 
has the greatest specific gravity possesses the greatest cohesive 
strength, absorbs the least quantity of water, and disintegrates 
the least by the process which imitates the effects of weather. 
A. comparison of all the experiments shows this to be the general 
rale, diouffh it is liable to individual exceptions." 

" But wis will ^lot enable us to compare stones of different 
classes together. The sand-stones absorb the least quantity of 
water, but they disinte^te more than the magnesian lime-stones, 
whicl^ considering their compactness, absorb a great deal." 

285. Rondelet, from a numerous series of experiments on the 
same subject, published in his work, Art de nAtir^ has arrived 
at like conclusions with regard to the relations between the 
specific gravity and strength of stones belonging to the same 

286. Among the results of the more recent experiments on this 
nibjecf, those obtained by Mr. Hodgkinson, showing the relatioi 

10 
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between the crushing, the tensile, and the transverse strecgtfa ol 
ftone, have already been given. 

M. Vicat, in a memoir on the same subject, published in the 
Annales des Fonts et Chaus, 仑 es, 1833, has arrived at an opposite 
conclusion from Mr. Hodgkinson, stating, as the results of his 
experiments, that no constant relation exists between the crush* 
'mg and tensile strength of stone in general, and that there is no 
other means of determining these two forces, but by direct ex- 
periment in each case. 

287. The influence of form on the strength of stone, and the 
circumstances attending the rupture of bard and soft stones, have 
been made the subject of particular experiments by Rondelet and 
Vicat. Their experiments agree in establishing the points that 
the crushing weight is in proportion to the area ol the base. 
Vicat states, more generally, that the permanent weights borne 
by similar solids of stone, under like circumstances, will be as 
the squares of their homologous sides. These two authors agree 
on the point that the circular form of the base is the most favor- 
able to strength. They differ on most other points, and particu* 
larly on the manner in which the different kinds of stone yield by 
rupture. 

288. Practical Deductions, Were stones placed under the 
same circumstances in structures as in the experiments made to 
ascertain their strength, there would be no dimculty in assigning 
what firactional part of the weight which, in the compaiativeiy 
short period usuulJy riven to an experiment, will crush them, 
could be borne by them permanently with safe^. But, in- 
dependently of the accidental causes of destruction to whicb 
structures are exposed, imperfections in the material itself^ as 
well as careless workmanship, from which it is often placed 
in the most unfavoiable circumstances of resistance, require to 
be guarded against M Vicat, in the memoir before-mentioned, 
states that a permanent .strain of xVf of the crushing force of ex- 
periment, may be borne by stone without danger of impairing its 
cohesive strength, provided it be placed under the most &TOTable 
circumstances of resistance. This firaction of the crashing weight 
of ejq>eiiment is greater than ordiiiaiy ciicumstaiices would jus- 
tify, and it is recommended in practice not to submit any stone 
\> a greater pennanent strain than one tenth of the crushing wei^il 
of experiments made oq small cubes measuring about two inches 
on an edse. 

The following Table 9how? the pennanent striiii, and cnishhig 
weiffht, for a square foot of the stones in some of the most re 
manable stnictures in Europe* 
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FQIm of the dome of St. Peter's, (Rome) 

Do. St. Paul's, {London) • 

Do. St. Geoevi^Te, {Paris) • 

Do. Church of Toussaiat, {Angers) . • 

Lower courses of the piers of the Bridge of Neoilly 




Crashing 
weight. 

636000 
637000 
456000 



570000 



The stone employed in all the structures enumerated in the 
Table, is some varietjr of lime-stone. 

289. Expansion of Stone from Heat. Experiments have been 
made in tUs countiy by Prof. Bartlett, and in England by Mr. 
Adie, to ascertain tne expansion of stone for every degree of 
Fahrenheit. The experiments of Prof. Bartlett give the follow' 
iDg results : 



Granite expands for erery degree 
Marble " " . 

Sand-stone ** " , 



.000004835 
.000005668 
.000009532 



Table of the Expansion of Stone, 4^.^ from the Experiments of 
Alexanaer J. Adie,Civil Engineer, Edinburgh. 



naaamm or nom. 



DaeiaalprutJ 
teek M 11 
inchaa te 



DtdflMl of 

iwyth for 



Dveimal «r 
learth te 



ftUMrkik 



290. Strength of Mortars. A very wide range of experi- 
ments has been made, within a few years back, by engineer»Doth 
at home and abroad, upon the resistance offered by mortars to a 
transversal strain, with a view to compare their qualities, both as 
regards their constituent elements and the processes followed in 
their manipulation. As might naturally have been anticipated 
these experiments have presented very diversified, and, in many 
instances, contradictory results. The general conclusions, how' 
erer, drawn from them; have been nearly the same in the majority 



J0014349 
•0014147 
iX)] 10411 




One experiment, (mmst.) 
Mean of three. (Ay.) 
One eiperiment, (wim»L) 
Mean of two, (dry.) 

<^foarez] 
Mean of three 
( One ezperiment, (, 
( Mean of two, (dry.) 



Dto. 



Mesn of four ezpeiii 
Mean of three di 




Mean o£thre« 
Menu of two 
Mean of two 
Mean of two 
Mean of thiM 



do. 
do 
do. 
do. 
do. 
do. 



L EaauA eemeat . . . 
9. BkHtea whit* marble • 

Si Cknni» mvbto . . 

4. flBiid-fkMie, (OnigUitk) 
LaUMe^ifTM) . . . 

& Bad fnaite, (Ptlsrkmi^ | 

~ ith paveineiit 
pATBinant 
i-stone, (RalMa) . 
Gray gnuilte, (jtberdttm) 
brick • • 

(Mm) 




5*1 qanh. ^retniML it ctmuirmis: "Jxljl espenmails haa 
Msa 3} ffiad ^^csioenar ycsiBt if ausr^. restmg on 

55*5L Jl 、 cat. n wtiri iii?r»rr ^znetr. |r«ss ie frCowj^g 



'\ iiT^iirv'" *'-*nu..c r、f=i:^ zskie ij 



nc Y.T'T^ *iL 丄、 二: Tr^、,3.' ic »-rar wil 
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2d. That common mortar is the stronger and harder as the 
quantity of sand is less. 

3d. That any addition of common lime to a mortar of hydraulic 
cement and sand weakens the mortar, but that a little lime may 
be added without any considerable diminution of the strength of 
the mortar, and with & saving of expense. 

4th. The stren^ of common mortars is considerably improved 
by the addition of an artificial puzzolana, but more so by the ad 
dition of an hydraulic cement. 

5th. Fine sand generally gives a stronger mortar than coarse 
sand. 

6th. Lime slaked by sprinkling gaye better results than lime 
slaked by drowning. A few experiments made on air-slaked lime 
were unfavorable to that mode of slaking. 

7th. Both hydraulic and common mortar yielded better results 
when made with a small quantity of water tnan when made thin. 

8th. Mortar made in the mortar-mill was found to be superior 
to that mixed in the usual way with a hoe. 

dth. Fresh water gave belter results than salt water. 

295. Strength of Concrete and Beton. From experiments 
made on concrete, prepared according to the most approved pro 
cess in England, by Colonel Pasley, it appears that this material 
is yery inferior in strength to good brick, and the weaker kinds 
of natural stones. 

Rrom experiments made by Colonel Tolten on beton, the fol- 
lowing conclusions are drawn : 

That beton made of a mortar composed of hydraulic cement, 
common lime, and sand, or of a mortar of hydraulic cement and 
sandy without lime, was the stronger as the quantity of sand was 
the smaller. But there may be 0.50 of sand, and 0.25 of com- 
mon lime, without sensible deterioration ； and as much as 1.00 of 
sand, and 0.25 of lime, without great loss of strength. 

Beton made with just sufficient mortar to fill ue void spaces 
between the fragments of stone was found to be les^ strong than 
that made with double this bulk of mortar. But Colonel Totten 
lemarkB, that this result is perhaps attributable to the difficulty 
of causing 80 small a quantity of mortar to penetrate the voids, 
and unite all the fragments perfectly, in experiments made on a 
small scale. 

The strongest beton was obtained by using quite small frag- 
nients of brick, and the weakest from small, rounded, stone gravel. 

A beton formed by pouriDfl grout among fragments of stone, oi 
brick, was inferior in Strength to that made in the usual way with 



Coinparing the stren— of the betons on which the experi- 
menu were made, whicn were eight months old when tried, with 
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17000 
11500 
80000 
11000 
11000 

6780 
12000 
12600 
13000 

7000 
20580 

8000 
13000 

9000 
15000 
14400 
14000 
13000 
14500 

9800 
14000 
10500 

15000 



298. But few direct experiments have been made upon th« 
elongations of timber from a strain in the direction of the fibrea 
From some made in France by MM. Minard and Desonries, it 
would appear that bars of oak having a sectional area of one 
^uare i'lch^ wrll be elongated .001176 of their length by a BtnuD 



that of a sample of sound red sand stone of good qudity, it ap 
pears that the strongest prisms of bcton were only half as ation^ 
as the sand-stone. 

296. Strength of Timber. A wide range of experimentt 
has been made on the resistance of timber to compression, ex- 
tension, and a transverse strain, presenting very variable results. 
Among the most recent, and which command the greatest confi- 
dence from the ability of their authors, are those of Professor 
Barlow and Mr. Hodgkinson : the former on the resistance to 
extension and a transverse strain ； the latter on that to com- 
pression. 

297. Resistance to Extension. The following Table exhibits 
the specific gravity, and the mean resistance per square inch of 
various kinds of timber, from the experiments of Prof. Barlow. 



ratcBimoii or toms* 



Ash, (English) . 
Beech, do. . 
Box . . . 
Deal, (Christiana) 
Do. (Mentel . 
Elm . . . 
Fir, (Nett England) 
Do. (Riga) . . 
Do. (Mar Forest) 
Larch, {Scotch) • 
Locust • • 
Mahogany • 
Norway span 

Oak, (English) 

Do. (African) • 
Do. {Adriatic) . 
Do. {Canadian 
Do. ^kmizic) . 
Pear . . . 
Poon . . 
Pine, (pitch) 
Do. (rti) • 
Teak . 



from 
to 



0.76C 
0.7M) 
1.000 
C.680 
0.500 
0.540 
0.550 
0.750 
0.700 
0.540 
0.950 
0.637 
0.580 
0.700 
0.000 
0.060 
0.990 
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299 Resistance to Compre99um. The following Table ex 
hibits the results obtained by Mr. Hodgkinson from experiments 
on short cylinders of timber with flat ends. The diameter 。• 
each cylinder was one inch, and its height two inches. The re* 
suits, in the first column, are a mean from about three experiments 
on timber moderately dry, being such as is used for making 
models for castings ； those in the second column were obtained, 
in a like maimer, from similar specimens, which were turned and 
kept dry in a warm place two months longer. A comparison of 
the results in the two columns, shows the effect of drying on the 
strength of timber ； wet timber not haviiig half the strength of 
the same when dry. The circumstances of rupture were the 
same as already stated in the general observations under this 
head ； the height of the wedge which would slide off in tim* 
ber being about half the diameter, or thickness of the specimen 
crashed. 



BtreneUi per iqi 



iDCh 



Alder . . . 
Ash . . . 
Baywood 
Beech . 
Birchf (^ffimban) 
Do. (Engluh) . 
Cedar . . 
C 

deal 
lite deal 

Elder 

Elm 

Fir, (jpniee) • • • 
Hornboam 攀 攀鲁雌 

認 •• •• ： 
Do. iDcmtziCf very ity) • 

Do. UyellaWffiiU (*f turpentim) 
Do. (fMO . 
Poplar . 

Plam, (wet) • • • 
Bo. (dfj) . . . 
Sycamore • • • • 

ik 

:h, (faUm tmo months) • 
『篇， jint • 



300. Resistance qf Square Pillars, Mr. 



Hodffldnsca hu 



6831 
8683 
7618 
7733 
3297 
3297 
6674 
6499 
6748 
6781 
7451 

6490 
4533 
8198 
4231 
6484 

6700 
(»76 
6395 
3107 
3654 
8341 
7083 

8801 
6063 
3898 



6960 
9363 
7518 

19363 

11663 
6402 
5863 
7148 
6586 
7293 
0973 

10331 
6819 
7289 
8108 
6983 

10058 
7731 
6790 
6445 
7518 
6134 

to 1049 



s 576 

1 
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made a number of invaluable experiments on the stren^jii ol 
pillars of timber, and of columns of iron and steel, ana fiom 
them has deduced formulae for calculating the pressure which 
they will support before breaking. The experiments on timber 
were made on pillars with flat ends. The following are the for 
mulae from which their strength may be estimated. 

Calling the breaking weight in lbs. W, 

" the side of uie square base in inches d. 
" the length of the pillar in feet L 

Then for long columns of oak, in which the side of the squaz 
base is less than ii^^th the height of the column ； 

W = 24542 

ixkd for red deal, 

W^= 17511 

For shorter pillars, where the ratio between their thicknesfi and 
height is such that they still yield by bending, the strength is es- 
timated by the following formula : 

Calling the weight calculated from either of the preceding for- 
mulae, W, 

Calling the crushing weight, as estimated from the preceding 
Table, W. 

- Calling the breaking weight in lbs" W. 
Then the formula for the strength i» 

『'― WW 

In each of the preceding formulae d must be taken in inches, 
and I in feet. 

301 • Resistance to Transverse Strains. As timber, from the 
purposes to which it is applied, is for the most part exposed to a 
transverse strain, the far greater number of experiments nave been 
made to ascertain the relations between the strain, the deflection 
caused by it, and the linear dimensions of the piece subjected 
to the strain. These relations have been made the subject of 
mathematical investigBLtions, founded upon data derived from ex^ 
periment, which toU oe given in the Appendix. The following 
Table exhibiu the results of experiments made upon beams having 
a rectangular sectional area, which were laid horizontally upon 
supports at their ends, and subjected to a strain applied at the 
middle point between the supports, in a Teitical direction. 

For a more convenient application of the formulae to the resoiti 
of the experiments, the notation adopted in the preceding ktt 
wiU be here jgiyen. 
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CaJ tfaelraiiBireTse force necessary to break th 3 beam in lbs., W 
" the distance between the 8upports in inches, L 
" the horizontal breadth of the sectional area in inches, b, 
" the Tertical depth " " " d. 

" the deflection arising from a weight w in inches,/. 



T able of Experiments toith the foregoing Notation. 





BpMiie 
giav. 


卞 


Valval 

of 

b. 




Valoe 
of 

/• 


to. 


VahM 

of 

W. 


Autbon of as- 
pnioMoti* 


VmttB^rw^i CmtaiUm) 
WUie pue, . 


.934 

m 

mm 




InehM. 
S 

s 
s 

S.75 
2.75 
8.7S 








lb*. 

637 

673 


Prof. Bailoir. 

M 
<4 

TradgDbL 

M 

lilcilt* BlOWlL 

M 
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902. Resistance to Detnmon, From the experiments of Prof. 
Barlow, it appears that the resistance offered by the lateral adhe- 
sion of the nbres of fir, to a force acting in a direction parallel to 
the fibres, may be estimated at 592 lbs. per square inch. 

Mr. Tredgold gives the following as the results of experimentB 
OQ the resistance offered by adhesion to a force applied perpen- 
dicularly to the fibres to tear them asunder. 

Oak • 8316 lbs. per square inch. 
Poplar . . 1783 " '* 
Larch, 970 to 1700 " " 

303. Strength of Cast Iron. The most recent experiments 
on the strength of this material are those of Mr. .Hodgkinson. 
Those, particularly, made by him on the subject of the strength 
of columns, and the most suitable form of cast-iron beams to sua 
tain a transversal strain, have supplied the enffineer and architect 
with the most Talilable guide in adapting this material to the 
taiioas purposes of structures. 

304. Kesistance to Extension, From a few experiments made 
by Mr. Rennie and Captain Brown, the tensile strength of cast 
iron yaries from 7 to 9 tons per square inch. 

The experiments of Mr. Hodgkinson upon both hot and cold 
blast iroQ give the tensile strength from 6 to 9 著 tons per square 

From some experiments made on American cast iron, under 
die direction of the Franklin Institute, the mean tensile strength 
n 80834 lbs., or 9| tons per square inchl 

305. Resigtance to Compression. The general circumstandBS 
tHenduig die nipture of this material by compressibn, drawn firoiD 

11 
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306. Resistance of Cylindrical Cobmns. The ezperimentfl 
under this head were made upon solid anil hollow columnsy both 
ends of which were either flat or lounded. fixed or loose, or out 



he experiments of Mr. Hodgkinson, have already been ghrea 
rhe angle of the wedge resulting from the rupture is about 56®. 

The mean crushing weight derived from experiments upor 
short cylinders of hot blast iron was 121,685 lbs" or 54 tons 6| 
cwt. per square inch. 

That on short prisms of the same, with, square bases, 100,738 
lbs., or 44 tons 19^ cwt. per square inch 

That on short cylinders of cold blast iron was 125,403 lbs., oi 
55 tons 19} cwt. per square inch. 

That on short prisms of the same, having other regular figures 
for their bases, was 100,631 lbs" or 44 tons 18| cwt. per square 
inch. 

Mr. Hodgkinson remarks with respect to the forms of base 
diflferini; from the circle : " In the other forms the difference of 
strength is but little ； and therefore we may perhaps admit that 
difference of form of section has no influence upon the power of 
a short prism to bear a crushing force." 

In remarking on the circumstances attending the rupture, Mr. 
Hodgkinson farther observes : " We may assume, therefore, 
without assignable error, that in the crushing of short iron prisms 
of various forms, longer than the wedge, the angle of fracture will 
be the same. This simple assumption, if admitted, would prove 
at once, not only in this material, but in others which break m the 
same manner, the proportionality of the crushing force in different 
forms to the area ； since the area of fracture would always be 
equal to the direct transverse area multiplied by a constant quan- 
ti^ dependent upon the material." 



Table exhibiting the Ratio of the Tensile to the Compressive 
Forces in Cast Iron, from Mr. Hodgkinsoris Experiments, 



* I»MORiniOH OP XRAL. 



Compreulve force 
per iqiiaM iMh. 




91,007 


6.638 


13,434 
17,466 


6.431 


5.346 


16,676 


4.061 


18,865 


4.337 


13,506 


8.037 


16,683 


6.376 


17,765 


f.515 


14,300 


B.139 



Devon iron, 
Buffery iron, 

'Coed-Taleniron 

Do. 
GaxTun iron, 

Do. 
Carron iron, 

Do. 



Na 3. Hot blast 
No. 1. Hot blast 
Cold blast 
3. Hot blast 
Cold blast 
9. Hot blast 
Cold bU8t 
No. 3. Hot blast 
" Cold blast 
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end flat and the other rounded. In the case of columi s with 
rounded ends, the pressure was applied in the direction of the 
ixis of the column. 

The follonrng extracts are made from Mr. Hodgkinson's paper 
aa this subject, published in the Report of the British Association 
pf 1840. 

" Ist. In all long pillars of the same dimensions, the resistance 
to crushing by flexure is about three times greater when the ends 
of the pillars are flat, than when they are rounded. 

" 2a. The strength of a pillar, with one end rounded and the 
other flat, is the arithmetical mean between that of a pillar of the 
same dimensions with both ends round, and one with both ends 
fiat. Thus, of three cylindrical pillars, all of the same length 
ind diameter, the first naving both its ends rounded, the second 
with one end rounded and one flat, and the third with both ends 
flat, the strengths are as 1， 2, 3, nearly. 

" 3d. A long, uniform, cast-iron pillar, with its ends firmly 
fizedy whether by means of discs or otherwise, has the same 

Gwer to resist breaking as a pillar of the same diameter, and 
f the length, with the ends rounded or turned so that the force 
would pass through the axis. 

" 4th. The experiments show that some additional strength ia 
pren to a pillar by enlarging its diameter in the middle part ； this 
increase does not, however, appear to be more than one seventh, 
or one eighth of the breaking weight. 

" 5th. The index of the power of the diameter to which the 
strength of long pillars with rounded ends is proportional, is 3.76 
nearly, and 3.55 in those with flat ends, as appeared from the re- 
sults of a great number of experiments ； or the strength of both 
may be taken as the 3.6 power of the diameter nearly. 

" 6th. In pOIan of the same thickness, the strength is inversely 
proportional to the 1.7 power of the length nearly. 
" Thus the strength of a solid pillar with rounded ends, the 

diameter of which is d， and the length Z, is as 

" The absolute strength of solid pillars, as appeared firom the 
nperimentSy are nearly as below. 
In pillars with rounded ends, 



Strength in tons = 14.9 -^j. 

Id pOIan with flat ends, 

Strength in tons = 44.16 

In hollow pillars nearly the tame laws were found to obtain 
Jmti if D and <2 be the external and internal diameten of a pillai 
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whose length is I， die strength of a hollow cylinder of which tbe 
ends were- moveable (as in me coimectiiig rod of a steam-enflr.jid) 
mmld be expressed by the formula below. 

Strength in tons = 13 ^ • 

In hollow pillars, whose ends are flat, we had from ezperimen 
as before, 

Strength in tons = 44.3 ^ 

The formulae above apply to all pillars whose length is not 
less than about thirty^ times the extenud diameter ； for piUan 
shorter than this, it is necessary to have recourse to the •for- 
mula/ ghren under the head of Strength of Timber, for short 
pillars of timber, substituting for W and W in that formula, the 
proper values applicable to cast iron." 

. 307. Similar Pillars, "In similar pillars, or those whose 
length is to the diameter in a constant proportion, the stxcDgth is 
nearly as the square of the diameter, or of any other linear di- 
mension ； or, in other words, the strength is nearly as the area 
of.the transverse section." 

" In hollow pillars, of greater diameter at one end than the 
other, or in the middle than at the ends, it was not found that 
any additional strength was obtained over that of cylindrical 
pillars." 

" The strength of a pillar, in the form of the connecting rod of 
a steam-engine,'' (that is, the transverse section presenting the 
figure of a cross +,) " was found to be very smalt periiaps not 
half the strength that the same metal would naye given if cast in 
the form of a uniform hollow cylinder." 

" A pillar iiregularly fixed, so that the pressure would be in 
the direction of the diagonal, is reduced to one third of its strength. 
Pillars fixed at one end and moveable at the other, as in those flat 
at one end and rounded at the other, break at one third the length 
from the moveable end ； therefore, to ^onomite the metal, they 
should be rendered stronger there than in other parts." 

308. Long'-contitiued Presstire m Pillars. " To determine 
the effect of a load lying constantly on a pillar, Mr. Fairbaim had' 
at the writer's suggestion, four pillars cast, all of the same length 
and diameter. The first was loaded with 4 cwt., the second 
with 7 cwt., the third with 10 cwt" and the fourth with 13 cwt. ； 
this last load was tVt of what had previously brokea a pillar of 
the same dimensioiiB, when the weigtit was carefully laid on with- 
out loss of time. The pillar loaded with 1 3 cwt. bore the weight 
[^tween five and six months, and then broke." 

309i General Properties of PUlars. " In pillars of wroughl 
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iron, steel, and timber, the same laws, with regpect to rounded 
ud flat eiids, were found to obtain, as had been shown to exiil 
in cast iron." 

" Of rectanffular pillars of timber, it was proved experimental 
y that the piUiur of greatest strength of the same material is a 
square." 

310. Cormarative Strengths ^ Cast Iroriy Wrought Iron, 
SUel, and TinJber. 

" It resulted from the experiments upon pillars of the same 
lunensioos but of different materials, that if we call the strength 
jf cast iron 1000, we shall have for wrought iron 1745, cast stee. 
2918, Dantzic oak 108.8, red deal 78.5.'^ 

311. Resistance to Transverse Strains. The following Tables 
and deductions are drawn from the experiments of Messrs. Hodg- 
kinsoa and Fairbaim, on hot and eold blast ircm^ as publiahed in 
their Reports to the British Association in 1837. 

TaUe eatkMiing the resulis of experimmits by Mr. Hodgkinson 
on bars of hot blast iron 5 feet long, with a rectangular sec- 
tional area ； the bars resting horizontally on props 4 feet 6 
inches apart; thfi weight being applied at the middle of the 
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Results of experimentSy by the same^ on the transverse strength of 
cold blast iron ； length of bars, and distance between thepoinU 
of support the same as in the precediig Table. 



ExraRiMMT 



jnlar bar, 
inch deep, 
broHd. 

Weiffht, 15 lbs. 6 < 
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RectftDfvlar bar, 
8.00 ischas deep, 
IM ** faroiuL 
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312. The following remarks are extracted from the same Re 
port : " I had remarked, in some of the experiments, that the 
elasticity of the bars was injured much earlier than is generally 
conceived ； and that instead of its remaining perfect till one third, 
or upwards, of the breaking weight was laid on, as is generally 
admitted by writers, it was evident that jth, or less, produced in 
some cases a considerable set or defect ol elasticity ； and judging 
firom its slow increase afterwards, I was persuaded that it nadnot 
come on by a sudden change, but had existed, though in a less 
degree, from a yery early period." ， 

" From what has been stated above, deduced from experiments 
made with great care, it is evident that the maxim of loading 
bodies within the elastic limit, has no foundation in nature ； but 
»t will be considered as a compensating fact, that materials will 
bear for an indefinite period a much'greater load than has hitherto 
oeen conceived." 

313. "We may admit," from the mean results, "that tilt 
ftrength of rectangular bars is as the square of the depth*" 
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814. Effects of time upon the deflections caused a penned 
nent load on the middle of horizontal bars. 

The following Table exhibits the results of Mr. Fairl aim's ex« 
perimeats on this point. The experiments were made on bar« 
5 feet long, 1.05 inch deep ； the one of cold blast iron, 1.03 inch 
Droad ； the other of hot blast, 1.01 broad ； distance between the 
points of support 4 feet 6 inches. The constant weight sus* 
pended at the centre the bars was 280 lbs. This weight re 
mained on from March 11th, 1837, to June 23d, 1838. 



GoUbtaatinm. 
DeAectkm 1b 




Ttaip. 


Hot blast Iron. 
Deflection in 
inches. 


Batto nf Inerease of J 
deflection!. 


.930 
.963 


March 11th, 1837, 
June 23d, 1838, 




1.064 
1.107 




.033 


Increase, 




.043 


1000 : 1303 



315. Mr. Fairbaim in his Report remarks on the above and 
like results : " The hot blast bar in these experiments being more 
deflected than the cold blast, indicates that the particles are more 
extended and compressed in the former iron, with the same 
weight, than in the latter. This excess of deflection may in some 
degree account for the rapidity of increase, which itwill be observed 
is considerably greater in the hot than in the cold blast bar." 

" It appears from the present state of the bars, (which indicate 
a slow but progressive increase in the deflections,) that we must 
at some period arrive at a point beyond their bearing powers ； or 
otherwise to that position which indicates a correct adjustment 
of die particles in equilibrium with the load. Which oi the two 
points we have in this instance attained is difficult to determine • 
sufficient data, however, are adduced to show that the weights 
are considerably beyond the elastic limit, and that cast iron will 
support loads to an extent beyond what has usually been consid- 
ered safe, or beyond that point where a pennanent set takes place." 

316. Effects of Temperature. Mr.rairbaim remarks : " The 
mfusion of heat into a metallic substance may render it more 
ductile, and probably less rigid in its nature ； and I apprehend it 
will be found weaker, and less secure under the effects of heavy 
strain. This is observable to a considerable extent in the experi- 
ments" on transverse strength "ranging from 26。 up to 190° Fahr." 

*The cold blast at 26" and 190。, is in strength as 874 : 743, 
The hot blast at 26。 and 190", is in strength as 811 ; 731, 
oeing a dimmution ir strength as 100 : 85 for ue cold blast, arid 
100 to 90 for the hot blast, or 15 per cent, loss of strength in tho 
rdd blast, and 10 per cent, in the hot blast." 

" A number of the experiments made on No. 3 iron have givec 
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extraordmary and not unfirequcntly unexpeeted results. Geiier 
ally speaking, it is an iron of an irreffular character, and jmsentt 
less uniformity in its texture than eimer the first or second quali- 
ties ； in other respects it is more retentive, and is often used for 
giving strength and tenacity to the finer metals." 

" At 212° we have in the No. 3 a much greater weight sueh 
tained than what is indicated by the No. 2 at 190。 ； and at 600* 
there appears in both hot and cold blast the anomaly of incpeased 
strength as the temperature is advanced from boiling water to 
melted lead, arising from the greater strength of the No. 3 iron.' 

317. Influence of Form in Cast Iron upon the Transverse 
Strength of Beams. Upon no point, respecting the strength of 
cast iron, have the experiments of Mr. Hodgkinson led to more 
valuable results to the engineer and architect, than upon the one 
under this head. The following Tables give the results of ex)>eh- 
ments on bars of a uniform cross section, (thus T») cast from hot 
and cold blast iron. The bars were 7 feet long, and placed, for 
breaking, on supports 6 feet 6 inches asunder. 

Table exhibiting the results of experiments on bars oj hot bum 
iron of the form of cross section as above. 
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.330 
.490 
.783 
1.040 



7 
14 
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224 
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Note. The annexed diagram shows tbe 
form of the uniform cross section of the 
bars. The linear dimensions of the cross 
lection in the two experiments were as fol- 
lows: 
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of pftrallelognm AB 5 inches* 

ith " AB 0.30 " 

Toal depth of bar , CD 1.55 " 

Breadth of rib • , • 0.36 " 



Expt. 



5 inches' 
0.80 '* 
1.56 " 
0.365 " 



Expt. 6. 



Table exhibiting results of experiments on bars of cold blast iron 
5fe€t long, of the same form of cross section as in preceding 
Table. 
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• Ncie, The linear dimensions of the cross section of the ban 
m the above Table, were nearly the same as those in the preob 
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ding Table, with the exception of the total depth CD, vrhkh. i 纖 
these last two experiments, was 2.27 inchee, or a little more. 

318. The object had in view by Mr. Hodffkinson, in the ex 
periments recomed in the two preceding Tables, was twofold ； 
the one to ascertain the circumstances under which a permanent 
set, or injury to elasticity takes place ； the other to ascertain the 
effect of the form of cross section on the transverse strength of 
cast iron. The following extracts from the Report, give^e 
principal deductions of Mr. Hodgkinson on these points. 

" In experiments 4 and 5," (on hot blast iron,) " which were 
on longer bars than the others, cast ibr this purpose, and for an- 
other mentioned further on, the elasticity (in £zpt. 4) was sensi- 
bly injured with 7 lbs., and in the latter (Expt. 5) with 14 lbs" 
the breaking weights being 364 lbs., and 1120 lbs. In the for- 
mer of these cases a set was visible with and in the other 
with tV of the breaking weight, showing that there is no weight, 
however small, that wiD not injure the elasticity." 

" When a body is subjected to a transverse strain, some of its 
particles are extended and others compressed ； I was desirous to 
ascertain whether the above defect in elasticity arose from ten- 
sion or compression, or both. Experiments 4 and 5 show this ； in 
these a section of the casting, which was uniform througho^, had 

c 

the form 丄， During the e^eriments the broad part ab was laid 

a b 

horizontally upon supports ； the vertical rib c in the latter experi- 
ment being upward, in the former downward. When it was * 
downward the rib was extended, when upward the rib was com* 
pressed. In both cases th| part ab was the fulcrum ； it was thin, , 
ancUherefore easily flexible ； but its breadth was such that it wafl 
nearly inextensible and incompressible, comparatively^ with the 
vertical rib. We may therefore assume, that neariy the whole 
flexure which takes place in a bar of this form, arises from the 
extension or compression of the rib, according as it is downward 
or upward. In Expt 4 we have extension nearly without com- 
pression, and in Expt. 5 compression almost without extension. 
These ^meriments were made with great care. They show that 
there is out little difference in the quantity of set, whether it 
arises from tension or compression." 

" The set iirom compression, however, is usually less than that 
from extension, as is seen in the commencement of the two ex 
periments, and near the time of fracture in that submitted to ten 
Bion. The deflections from equal weights are nearly the same 
whether the rib be extended or compressed, but the ultimate 
ttrengths, as appears from above, are widely diflfereut" 

； )19. Form of Cast Iron Beam best adapted to resist a 7Vaiui 
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ter$€ Strain. The experiments of Mr. Hodgkinson on this sub* 
feet, published in the Memoirs of the Literary and Philosophical 
Society of Manchester, Second Series, vol. 5, arc of equal ixv- 
terest with those just detailed, both in their general results and 
practical bearing. From these experiments, the conclusion diawn 
18 that the form of beam in the annexed diagrams is the most fa* 
fovable for resistance to transverse strains. 

Fig. a. 




Fig.fr. 



/ 






Fig. a represents the plan, Fig. b 
(he elevationy and Fig. c the cross 
lecdoa (enlarged) at the middle of 
the beam. Jrom the Figs, it will 
be seen, that the beam consists of 
three parts ； a bottom fl 抑 ch of uni- 
form depth, but variable breadth, ta- 
pering from the centre towards the 
extremities, where the points of sup- 
port would be placed, so as to form 

>rtion of the common parabola on each side of the axis of the 
ij the vertex of each parabola being at the centre of the beam, 
object of this form of flanch was to make it, according to 
theory, the strongest, with the same amount of material, to ^ar 
a weight uniformly distributed over it. The top flanch is of a 
like form, but of much smaller breadth and depth than the bottom 
one. The two are united by a vertical rib of lutifonn depth and 
breadth. 

The following are the relative dimensions of this form of beam 
wbicfa, from experiment, gave the most favorable result. 

4 ft. 6 inches. . 




Distance of supports • • • • 
Total depth of beam . 
Breadth of top flaoch at centre of beam 

•* bottom flanch 
Uniform depth of top flanch 

" bottom flanch 

ThickoeM of Tertical rib . 
Total area of cross section 
Weight of beam 







it 



5i 
3.33 " 

6.66 " 

0.31 " 
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" This beam broke in the middle by compression with 26084 
lbs" or II tons 13 cwt., a wedge separating from its uppei 
ride" 

" The weights were laid gradually and slowly o;i, and the beam 
had borne wimin a little of its breaking weight a considerable time, 
perhaps half an hour." 

" The form of the fracture and wedge is represented in the 
Fig. b， where enf is the wedge, ef = 6.1 inches, tn = 3.9 inches, 
angle en/* = 82V 

" It is extremely probable, from this fracture, that the neutral 

Joint was at riy Jie vertex of the wedge, and therefore at fths the 
epth of the beam, since 3.9 = i x 6^ nearly." 
The relative dimensions above given were arrived at by " con- 
stantly making small additions" to the bottom flanch, untu a point 
was reached where resistance to compression could no longer be 
sustained. The beams of this form, in all previous experiments, 
having yielded by the bottom flanch tearing aaunder. 
• " The great strength of this form of cross section is an indis- 

Eutable refutation of that theory which would make the top and 
ottom ribs of a cast iron beam equal." 
" The form of cross section" (as above) " is the best which we 
have arrived at for the beam to bear an ultimate strain. If we 
adopt the form of beam, (as above,) I think we may confidently 
expect to obtain the same strength with a saving of upwards of 
ilfi of the metal." 

320. Rules for determining the ultimate Sttength of Cast 
Iron Beams of the above forms. From the results of his experi* 
mcnts, Mr. Uodgkinson has deduced the following very simple 
formulae, for determining the breaking weight, in tons, when ap- 
plied at the middle of a bean). 

Call the breaking weigh; in tons, W. 

Call the area of the cross section of the bottom flanch, taken 
at the middle of the beam, a. 

Call the depth of the beam at the middle point, d. 
Call the distance between the supports, L 

Then ' . 

ad 



=26 丁， 

when the beam has been cast with the bottom flanch upward 
and 

when the beam has been cast on its side. 
321. Effect cf Horizontal Impact upon cast iron bait, ami 
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Measure ofthe Resistance offered by cast iron to this force, fl e 
following Tables of experiments on this subject, am the results 
drawn from them, are taken from a paper by Mr. Hodgkiiiscn« 
published in the Fifth Report of the British Association. 

The bars under ezpenment were impinged upon by a weight 
suspended freely in such a position, that hanging vertically it was 
in contact with the side of the bar. The blow was given by al- 
lowing the weight to siting through different arcs. The bars 
were so confined against lateral supports, that they could take nc 
vertical motion. • 

Table of experiments on a cast iron bar, 4 ft. 6 in, long, 1 in, 
broody I in. thick, weighing 7+ lbs., placeawith the broadside 
against lateral supports 4 ft, anmder^ and imjnnged upon by 
cast iron and lead balls weighing 8| lbs*, swinging through 
arcs of the radius 12 feet. 





Impict with iron balL 


Chord of arc 
fUIen throng 
in feet. 


ObMTved chord 
Ib inclMf. 


Observed defleo- 
HoD of bar In 
inehet. 


Chord of are 
in feet 


pwq9 pOAMMK) 


thm of bar in 
Inches. 


9 
3 
4 
6 


6.5 
13 
19 
37 
34 
47 


.24 
.46 
.78 
.97 
1.30 
1.60 


9 
3 
4 
6 
6 


6.5 
14 

so 

39 
37 
48 


.33 
.46 
.65 
.98 
1.39 
1.66 



" Before the experiments on impact were made upon this bar, 
it was laid on two horizontal supports 4 feet asunder, and weigh" 
gently laid on the middle bent it (in the same direction that it wai 
uteiwardB bent by impact) as below : 

98 lbs. bent it .37 inch. 

Mlbs " .77 " Eliitioity s little iajnnd.** 
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Table of experiments on a cast iron bar 7 ft. long, 1.08 in* broad 
and 1.05 in. thick, weighing 23+ lbs., placed, as in preceding 
expeiimerUSj against stq^ports 6 ft 6 in, asunder^ and bent 65 
impacts in tJie middle. Impinging ball of cast iron weighing 
20| lbs, Radius of arcs 16 feet 



Impact upon ter. 


Impact upon die 


li 
|a 




Chord of arc 
Allen through. 


ObMrred deflec- 
tion In Inehet. 


s 

3 

6 
6 

7 
8 


.46 
.63 
.87 
1.03 
1.24 
1.44 
1.80 


9 
3 
4 
6 
6 
7 
8 
9 


.31 
.43 
.69 
.81 
1.04 
1.28 
1.41 

i.es 



The results in the 3d and 4th columns of the above table were 
derived from allowing the ball to impinge againist a weight of 56 
lbs" hung so as to be in contact with the bar. 

" Before the experiments on impact, the beam was laid on two 
supports 6 ft. 6 in. asunder, and was bent .78 in. by 123 lbs" 
(including the pressure from its own weight,) applied gently in 
the middfe." 

Tables <f experiments on two cctst iron bars, 4 ft. 6 in. long, full 
inch square, weighing 14 lbs. 10 dz. nearly, placed against 
supports 4 feet apart, and impinged ttpon oy a cast iron ball 
weighing 44 lbs. Radiiis 16 ft. 



Inpaet In the middle. 


Impact at om fourth the toogth flram tbe middto 
of the ban. 


CiMada of wet In 
feet. 


Mean deflectSoM 
or the two ban 
in inches. 


Chords of arcs 
in feet. 


Mean defleetknis 
of the two ban 
In Inches. 


Mean mtloof ttM 
deflectknu la 
tlie twoesMB. 


01 


.36 
.66 
.77 
.95 
L06 
Broke in the 
middle 


2 
3 
4 
6 

6.5 
6 


.34 
.49 
.63 
.64 
.70 

Broke at the 
point of impact 


694 



The results in the Ist of the above Tables arc from bars struck 
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in the middle, those in the 2d Table are from bars struck the 
middle point between the centre and extremity of the bar. 

322. rrom the above and other experiments the conclusion is 
drawn, " that a uniform beam will bear the same blow, whether 
■truck m the middle or half way between that and one end." 

" From all the experiments it appears, that the deflection ii 
nearly as the chord of the arc fallen through, or as the velocity 
of impact." 

The following conclusions are drawn from the experiments. 

(1.) " If different bodies of equal weight, but differing consider- 
ably in hardness and elastic force, be made to strike horizontally 
against the middle of a heavy beam supported at its ends, ^)Lthe 
bodies will recoil With velocities equal to on^ another." 

(2.) " If, as before, a beam supported at its ends be struck 
horizontallyby bodies of the same weight, but different hardness 
and elastic force, the deflection of the beam will be the same 
whichever body be used." 

(3.) " The quantity of recoil in a body, after striking against a 
beam as above, is nearly equal to (though somewhat below) what 
would arise from the full varyine pressure of a perfectly elastic 
beam, as it recovered its foj^oi alter deflection." 

Note. This last conclusion is drawn from a comparison of the 
results of experiment with those obtained from calculation, in 
which the beam is assumed as perfectly elastic. 

(4.) " The effect of bodies of different natures striking against 
a hard, flexible beam, seems to be independent of the elasticities 
of the bodies, and may be calculated, with trifling error,- on a sup- 
position that they are inelastic." • 

(5.) " The power of a uniform beam to resist a 'blow given 
horizontally,, is the same in whatever part it is struck." 

323. From the results of the experiments of Messrs. Fairbairn 
and Hodgkinson, on the properties of cold and hot blast iron, it ap- 
pears that the ratio of their resistances to impact is 1 000 to 1226.3, 
the resistance of cold blast being represented by 1000 ； the re- 
sistance, or power of the beam to bear a horizontal impact^ being 
measured by the product of its breaking weight from a transverse 
strain at the middfle of the beam and its ultimate deflection. This 
measure, Mr. Hodgkinson remarks, " supposes that all cast iron 
bars of the same dimensions, in our experiments, are of the same 
weight, and that the deflection of a oeam up to the breaking 
weighty would be as the pressure. Neither of these is true ； 
they are only approximations ； but the difference in the weights 
of cast iron bars of equal size is very little, and taking them aa 
the same, it may be inferred from my paper on Impact upon 
Beams, (Fifth Report of the British Association^) that the as* 
■omption above gives results near enough for practice." 
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•324 Stbength of WaouoHT Iron. This material, from ill 
very extensive applications in structures where a considerable 
tenflile force is to be resisted, as in suspension bridges, iron ties, 
&c., has been the subject of a very great number ofexperiments. 
Among the many may be cited those of Telford and Brown in 
England, Duleau in France, and the able and extensive series 
upon plate iron for steam boilers, made under the direction of the 
l^ra^in Institute, and published iu the 19th and 20th yoIb. {New 
Series) of the Journal of the Institute. 

Resistance to Extension. The following Tables exhibit the 
tensile strength of this material under ordinaiy temperatures, and 
in the different states in which it is used for sti^ctures. 

Table exhibiting the Strength of Square and Round bars of 

Wrought Iron, 



Table exhibiting the Mean Strength cf Boiler Iron, per square 
inch in lbs., cut from plates with shears. 



It is remarked in the Report of the Sub-coimnittee, " that the 
inherent irregularities of the metal, e?ea in the best specimenii 
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ni ether of rolled or hammered iron, seldom fall short of 10 or 15 
per cent, of the mean strength." 

J'fom the same series of experiments, it appears thet th 
rjrti»^. of rolled plate lengthwise is about 6 per cent, greater 
Uiaii r« strength crosswise. 

In the Tenth Report of the British Association in 1840, Mr. 
Fairbaim has given the results of experiments on plate iron by 
Mr. Hodgkinson, from which it appears that the mean strength 
jf iron plates lengthwise is 22.52 Urns. 

Crosswise " 23.04 " 

Single-riveted plates " 18,590 lbs. 

Double-riveted plates " 22,258 " 

Representing the strength of the plate by 100* 
The double-riveted plates will be • . 70 
TLe single " ", . . 56. 

325. Professor Barlow, in his Report to the Directors of the 
London and Birmingham Railroad, (Journal of Franklin insti- 
mte, July, 1835,) states, as the results of his experiments, that a 

oar of malleable iron one inch square is elongated the jo^th part 
of its length by a strain of one ton ； that good iron is elongated the 

^jjfh part by a strain of 10 tons, and is injured by this strain, 
while indifferent, or bad iron is mjured by a strain of 8 tcwis. 

From the Report made to the Franklin Institute, it appears that 
the first set, or permanent elongation may take place under very 
different strains, varying with the character of the material. The 
most ductile bon yields permanently to a low degree of strain. 
The extremes by which a permanent set is given vary between 
the 0.416 and 0.872 of the uhimate strength ； the mean of thir- 
teen comparisons being 0.641. 

326. Resistance to Compression, But few experiments have 
been published on the resistance of this material to compression. 
Rondelet states that it commences to yield under a pressure of 
about 70,800 lbs. per square inch, and that when the altitude of 
the specimen tried is greater than three times the diameter of 
the base it yields by bending. Mr. Hodgkinson states that the 
circumstances of its rupture from crushing indicate a law simi- 
lar to what obtains in cast iron. 

327. Resistance to a Transverse Strain, The following Ta- 
bles exhibit the circumstances of deflection from a transverse 
strain on bars laid on horizontal supports ； the weight being ap- 
plied at the middle of the bar. 

The Table I. gives the reaults on bars 2 inches square, laid on 
TOpports 33 inches asunder ； Table II. the results on bars 3 
inches deep, 1 .9 in. broad, bearing as in Table I, - 
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Tablc L Tabu TL 



WMght In Ions. 


Deflections in 
iBCfaei for each 
half Ion. 


Welfht In loai. 


Deflaclloat • 
laebM Ibff aMi 
h&lf ton 


.76 
1.00 


！ 020 


MO 
.50 


.016 


1.50 


.030 


1.00 


.029 
.030 


9.00 


.030 


1.60 


S.50 


.030 


S.OO 


.096 


3.00 


Set 


d.25 


.018 






3.50 
3.76 
3.00 


.086 
.038 
.093 



The above experiments were made by Professor Barlow, and 
published in his Report already cited. He remarks on the re* 
fmlt8 in Table 11" that the elasticity was injured by 2.50 t na 
and destroyed by 3.00 tons. 

328. Trials were made to ascertain mechanically the position 
of the neutral axis on the cross section. Professor Barlow re* 
marks on these trials, that " the measurements obtained in these 
•experiments being tension 1.6, compression 0.4, giving exactly 
the ratio of 1 to 4 in rectangular bars. These results seem the 
•most positive of any hitherto obtained ； still there can be. little 
doubt this ratio varies in iron of different qualities ； but looking 
、to the preceding experiments^ it is probably always from 1 to 3, 
to 1 to 5." 

329* Effects of time on the elongation of Wrought Ironfrom 
uomtHant strain of extension, M. Vicat has given, in the Aiu 
nale$ de Chimie et de Physique, vol. 54, some experiments on 
tfak pouit, made on iron wires which bad not been annealed, by 
flubiecluig four wires, respectively, to strains amountiiig to the 
ly me the and | of tneir tensile strength, during a period of 

From the results of these e]q)eriment8 it appears, that each 
iy immediately upon the application of the strain to which it 
subjected! ^^^^"ed a certain amount of extension. 
The ni^ wire, which was subjected to a strain of ^th its 
tile atareo^, was found at the end of the time in. question not to 
have acquired any increase of extension. 

The second, submitted to }d its tensile strength, was elongated 
0.027 in. per foot, independently of the elongation it at first re- 
ceived. 

The thirds subjected under like circumstances to a strain of 
its tensile strength, was elongated 0.40 in. per foot, beaidei 
its first elongation. 
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The fourtn, s&nihirly subjected to fths the tensile st'ength, wa» 
elongated 0.061, \h jides its first elongation. 

From obserrations made during the experimentB, it was found 
4iat, reckoning from the time when the first elongations took place, 
the n^idity of the subsequent elongations was nearly proportional 
to the times ； and that the elongatieiia from strains greater than 
{th the teiraile strength are, after equal times, nearly proportiona 
to the strains. 

330. M. Vicat remarks ii substance upon the results of these 
experiments, that iron wire, when not annealed, commenees to 
exnibit a permanent set when subjected to a strain between the 
J and + of its tensile strength, and that therefore it is rendered 
probable that the wire ropes of a suspension bridge, which shoul(f 
be subjected to a like strain, would, when the vibratory motion to 
which such structures are liable is considered, yiela constantly 
from year to year, until they entirely gave way. 

M. Vicat farther remarks, in substance, that the measure of the 
resistance offered by materials to strains exerted only some minutes, 
or hours, is entirely relative to the duration of the experiments. 
To ascertain the absolute measure of this resistance, which should 
serve as a guide to the engineer, the materials ought to be sub- 
jected for some months to strains ； while observations should be 
made during this period, with accurate instnitnents, upon the 
manner in xvnich thev yield under these strains. 

331. Effects of Temperature on the Tensile Strength of 
Wrought Iron The experiments made under the direction of 
the Franklin Institute, already noticed, have developed some very 
curious facts of an anomalous character, with respect to the effect 
of an increase of temperature upon the strength of wrought iron. 
It was found that at mgh degrees of heat the tensile strength was 
greater up to a certain point than was exhibited by the same iron 
at ordinary temperatures. The Sub-committee in their Report 
remark : " This circumstance was noted at 21 2*, 392**, and 572**, 
rising by steps of 180** each from 32®, at whicK last point some 
trials have been made in melting ice. At the highest of these 
points, however, it was perceived that some specimens of the 
metal exhibited but little, if any, superiority of strength ovtjr that 
which they had possessed when cold, while others allowed of 
being heated nearly to the boiling point of mercury, before they 
manifested any decided indications of a weakening effect from in- 
crease of temperature." 

" It hence became apparent that any law, takiii^ for & basis 
the strength of iron in its ordinary ccMidition, and at common 
temperatures, must be liable to great uncertainty, in regard to ita 
ippiicatian to different specimens of the metal. It was evident 
Jbat tho anomaly above referred to mu^t be only apparent, and 
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that the tenacity actually exhibited at 672", as well as that which 

f>revails while the iron is in the state in which it was left hj 
OTffing, or rolling, must be below its maximum tenacity." 

From the experiments made upon several bars of the saina 
iron, it appeared that their " maximum tenacity ^as 15 17 pel 
cent, greater than their mean strength when tried cold." 

Calculating the maximum tenacity in other experiments from 
this standard, the Sub-committee have drawn up the following 
Table exhibiting the relations between diminutions from the max- 
imum tenacity and the degrees of temperature by which they are 
caused, from which the curve representing the law of these rela* 
lions can be constructed. 



Tabu. 



1 

NaoftheooiD- 
pariflon. 


Observed tem- 
peratures. 


Obsotrod tom' 
pentare»— 80*. 


Obwrred dtnl- 
notlOD 9t ta- 
nacUy. 


Poww of Cbe tempentarvj 
whleh npreaenu thej 
dtmlDndoD of teoMltyi 
at eseh point. j 






440* 


.0738 


3.85 


3 


670 


490 


.0869 


a. 17 


3 


596 


616 


.089^ 


2.38 


4 


663 


682 


.1155 


3.67 


5 


770 


690 


.1637 


S.85 


6 


8S4 


744 


.2010 


9.04 


7 


• 933 


853 


.33S4 


2.97 


8 


1030 


950 


.4478 


S.93 


9 


1111 


1031 


.5514 


d.63 


10 


1156 


1076 


.6000 


3.60 


11 


1337 


1157 


.6639 


3.41 


12 


1317 


1337 


.7001 


9.U 










Mean 3.68 



The Sub-committee remark on ths construction of the above 
Table . " As some of the experimenV4 which furnished the stand- 
ards of compariflon for strength at ordinary temperatures, were 
made at 80°, and as at this point small variations with respect to 
heat appear to affect but very slightly the tenacity of iron, it was 
conceived that for practical purposes, at least, the calculations 
might be commenced from tnisit point." 

" It will be foimd that with the exception of a slight anomaly 
oetween 520° and 570", amounting to —.08, the numbers express* 
ng the ratios between the elevations of temperature, and the 
diminutions of tenacity, constantly Increase until we reach 932% 
• at which it is 2.97, and that from ttis point the ratio of diminu* 
tion decreases to the limits of our range of trials, 1317^ where it 
is 2.14. It will also be observed, that thf diminution of tenacity 
at 932", where the law changes from an ir -reasing to a decreasing 
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mte of diminution, is almost precisely one third of the total, oi 
maximum strength of the iroi#at ordinary temperatures." 

From the mean of all the fates in the above Table t&e follow- 
ing rule is deduced : " the. thirteenth power of the temperature 
idxwe 80** is proportionate to tJte ffth power qJ the difmnution 
from the maximum tencmiyj* 、•■ • 

Professor W. R. Johnson, a ra. mber of the sub-committee, 
has since applied the results developed in the preceding experi- 
ments to practical purposes, in iiicroasing the tenacity oi wrought 
iron by subjecting it to tension under a high degree of tempera- 
ture, before using it for purposes in which it will have to unaergo 
considerable strains, as, for example, in chain cables, &c. 

This subject was brought by Prof. Johnson before the Board 
of Navy Commissioners in 1841 ； subsequently, experiments were 
made by him under direction of the Navy Department, the results 
of whicby as exhibited in the following Table, were published in 
the Senate Public Documents, (1) 2Sth Congress, 2d Session, 
p. 641. Dec. 3, 1844. 

Table of the effects of TherTno-tension on the Tenacity and 

Elongation of Wrought Iron. 



WSM9 or noM. 


Strencth 
of cold. 


Stren^ af- 
ter treating 
with Ther- 
mo-tenaUm. 


Gain of ♦ 
lenfth. 


Gain of 
strength by 
the treat-. 


■ 

Total gain 
of value. 


Tredegar, No. 1， round iron 

Do. do. 
Tredegar, square bar iron 
Tredegar, No. 3, round iron 
Salisbury, rooDd, (Ames') 

Mean, 


O 0« Oft 0) 9 
OD O O O 


71.4 
72.0. 
67.3 
68.4 
121.0 


6.51 

6.51 

6.77 

5.263 

3.73 


o o o CO a> 


00 CO QD a o« 






6.76 


16.64 


22.40 



Prof. Johnson in his letter remarks : " It will be obseired that 
in these experiments the temperature has, with a view to economy 
of time, been limited to 400**, whereas the best effects of the pro- 
cess have generally been obtained heretofore when the heat has 
been as high as STS**.** 

832. Resistance of Ir&n Wire to Impact. The following Ta- 
ble of experiments gives the results obtaine : by Mr. Hodgkinson, 
by suspending an iron ball at the end of a wire, (diameter No. 17,) 
and letting another iron ball impinge upon it from different alti- 
tudes. The suspended and impm^ng balls had holes drilled 
through them, through which the wire passed. A disc of lead 
was placed on the suspended ball to receive the blow, and lesser 
the recoil fron elasticity. 
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Table. 





MnkiiiffMI. 


•wmimImI 


UalU 


WfanebralM 
wiik tall Ml. 
My ihTMiirh. 




A. In. , 
SS t 

M 

U 8 


Iht. OK. 
S 14 

6 一 

« 

85 


lbs. OS. 

10 1 
44 

ao 8 
m 

】89 
10 1 
80 8 
» 
44 


(repealed) Si, 3,3^,4.4, 

(MpMiad with ftmh win,) 6, 

C <4, 7, 7 , 8. 8 , 0, 
8. 8 , 9, M, 10, lOi, 
8, 8 '， 9, 9l, 10, 

3, 4 Inebet, 

8. 3, 4. S. G Inchea, 

4, ft Inehot, 
S inches. 




NolMd. 

1 brake ntartkt ptimn 
1 of im&MU Mil a 

VWM AdJVMtd U Its 

1 wtrv Boi nttd bj ft 
1 iwtmu Um up. 

Broke om iBoh 
floni lop 



The following observations are made by Mr. Hodgkioson : 
" To ascertain the stren^ and extensibility of this wire, it was 
broken in a very careful experiment with 252 j lbs" suspended 
at its lower end, and laid gradually on. And to obtain the incre- 
ment of a portion of the wire (leneth 24 ft. 8 in.) when loaded* by 
a certain weight, it had 139 lbs. hung at the bottom^ and when 
89 lbs. were taken off the load, the wire decreased in length .39 
inch. 

" Should it be suggested that the wire by being frequently im- 
pinged upon would perhaps be much weakened, ue author would 
beg to refer to a paper of his on Chain Bridges, Manchester Me- 
moirs, 2d series, vol. 5, where it is shown that an iron wire broken 
by pressure several times in succession is very little weakened, 
and will nearly bear the same weight as at first." 

" The first of the preceding experiments on wires are the only 
ones from which the maximum can, with any approach to cer- 
tainty, be inferred ； and we see from them that the wire resisted 
the impulsion with the greatest effect when it was loaded at bot- 
tom with a weighty which, added to that of the striking body, was 
a little more than one third of the weight that would break the 
wire by pressure." 

" From these experiments generally, it appears that the win 
was weak to bear a blow when lightly loadea." 

" These last experiments and remarks, and some of the prece« 
ding ones," (on horizontal impact,) " show clearly the benefit of 
giving considerable weight to elasVi structures subject to impad 
and vibration." 

333. Resistance to Torsion of Wrought and Cast Iron, The 
following Table exhibits the results of experiments made by 
Mr. Dumop, at Glasgow, on round bars of wrought iron. The 
twisting weights were applied with an arm of fever 14 feet % 
inches. 
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Table of eameriments made by Mr. G. Rennie upcn Cast and 
Wrought irm. Weight applied at an arm of leva of 2feeU 



MATSBUIn 


Langlhof 
bloclBi la 
inebet. 


Bfawof 
•actional 


Mmii inak- 
Ing wdfhl 

InllM. 










UN. OB. 


Iron cas 


1 horizontally . 





k 


9 16 
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Tertically • . . . 





i 


10 10 


u 


horixontally • • • . 








u 




拿 


i 


8 1 


tt 
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8 8 


tf 


Tertically • 


i 


i 


10 1 
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8 9 
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M 
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8 6 


a 




6 


i 


9 12 
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horisoDtallj • . • • 





i 


93 13 


M 







74 


u 




10 


\ 


53 


Wroaght iron, (EnglisK^ . 





\ 


10 2 




(SwedUK) . 





\ 


9 8 













334. Strength of Copper. The various uses to which cop- 
per is applied in constructions, render a knowledge of its resist- 
ance under various ciicainstances a matter of great interest to the 
enmieer. 

ilenstance to Extension. The resistance of cast copper on 
the square inch, from the ezperimenU of Mr. G. Rennie, is 8.51 
tons, that of wrought copper reduced per hammer at 15.08 tons. 
Copper wire is stated to bear 27.30 tons on the square inch. 
From the experiments made under the direction of the Franklin 
Institute, already cited, the mean strength of rolled sheet copper 
18 stated at 14.35 tons per square inch. 

Resistance to Compression. Mr. Rennie，8 experiments on 
cubes of one fourth olan inch on the edge, give fox the crushing 
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weight of cube of cast copper 7318 lbs., and of wrought copiiei 
6440 lbs. 

335. Effects of Temperature on Tensile Strength. The ex- 
periments alrearly cited of the Franklin Institute, show that the 
difference in strength at the lower temperatures, as between 60" 
and 90。, is scarcely greater than what arises from irregularities 
in the structure of the metal at ordinary temperatures. At 550* 
Fahr. copper loses one fourth of its tenacity at ordinary tempera- 
tures, at 817" precisely one half, and at 1000*' two thirds. 

Representing the results of experiments by a curve of which 
the ordiiiates represent the temperatures above 32% and the ab* 
scissas the diminutions of tenacity arising from increase of tern 
perature, the relations between the two will be thus expressed : 
the squares of the diminutions are as the cubes of the tempera^ 
tures. 

336. Strength of other Metals. Mr. Rennie states the 
tenacity of cast tin at 2.11 tons per square inch ； and the resist- 
ance to compression of a small cube of ^ of an inch on an edge 
at 966 lbs. 

In the same experiments, the tenacity of cast lead is stated at 
0.81 tons per square inch ； and the resistance of a small cube of 
same size as in preceding paragraph at 483 lbs. 

In the same experiments, 2ie tenacity of hard gun-metal is 
stated at 16.23 tons ； that of fine yellow brass at 8.01 tons. The 
resistance to compression of a cube of brass the same as before- 
mentioned, is stated at 10304 lbs. 

337. Linear Dilatation of Metals by Heat. The foUowing 
Table is taken from results of experiments on the dilatation of 
solids, by Professor Daniell, published in the PhUosophical 
Transactions. 1831. 



Table of Dimensions which a bar takes whose length at 62® is 

1.0000- 









Alpdntof flttkMi. 


Iron, (wrought) • • 

Iron, (cast) , 

Zinc . . . 

£r ： ： ： 

Tin 

Brass, (zinc . • 
Bronze, (tin J) . • • 
Pewter, (tin }) • • . 




1.004483 
1.003943 
1.008537 
1.006347 

1.007207 
1.007063 


1.018378» 

1.016389 

1.019631 

1.094376 

1.009073 

1.003798 

1.021841 

1.016336 

1.003776 
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838. Adhesion of Iron Spikes to Timber. The following 
Tables and results are taken from an article, by Professor 
Walter R. Johnson, published in the Journal of the Franklin 
Institutej vol. 19, 1837, giving the details of experiments made 
by him on spikes of various forms driven into different kinds of 
timber. 

339. The first series of eroeriments was made with Burden's 
plain square spike, the flanched, ffrooyed, and swell spike, and 
the grooved and swelled spike. The timber was seasoned Jersey 
yellow pine, and seasoned white oak. 

From these experiments it results, that the grooved and swelled 
form is about 5 per cent. less advantageous than the plain, in yel- 
low pine, and about 18| per cent, superior to the plain in oak. 
The advantage of seasoned oak over the seasoned pine, for re- 
taining plain spikes, is as 1 to 1.9, and for grooved spikes as 1 to 
2.37. 

340. The second series of experiments, in which the timber 
was soaked in water after the spikes were driven, gave the fol- 
lowing results. 

For swelled and grooved spikes, the order of retentiveness was, 
i locust ； 2 white oak ； 3 hemlock ； 4 unseasoned chesnut ； 5 
yellow pine. 

For erooved spike without swell, the like order is ~ 1 unsea- 
soned cnesnut ； 2 yellow pine ； 3 hemlock. 

The swelled and grooved spike was, in all cases, found to be 
inferior to the same spike with the swell filed off. 

341. The thiid series of experiments gave the fallowing results. 
Thoroughly seasoned oak is twice, and thoroughly seasoned 

locust 2f times as retentive as unseasoned chesnirt. 

The forces required to extract spikes are more nearly proper 
tional to the brecudths than to either the thickness or the weights 
of the spikes. And, in some cases, a diminution of thickness 
with the same breadth of spike afforded a gain in retentiven«s8. 

" In the softer and more spon^ kinds of wood the fibres, in- 
stead of being forced back longitudinally and condensed upon 
themselves, are, by driving a thick, and especially a rather ob 
nisely-pointed spike, folded in masses backward and downward so 
as to leave, in certain parts, the faces of the grain of the timber 
In contact with the surface of the metal." 

" Hence it appears to be necessary, m order to obtain the 
greatest effect, that the fibres of the wood should press the faces 
as nearly as possible in their longitudinal direction, and with equal 
intensities tluroughout the whole length of the spike." 

The following is the order of superiority of the spikes from 
that of the ratio of their weights and extracting forces respeo 
tiyely. 

14 
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1. Namw flat . 

5. Wide flat 

8. Grooved bat not swelled 
4. Grooved and not notehed 
、 6. Grooved and swelled 

6. Burden's patent 

7. Square hammered • • 

8. Plain cylindrical • • 

" All the experiments prove that when a spike is once starteli 
the force required for its final extraction is much less thair that 
which produced the first movement." 

" Wnen a bar of iron is spiked upon wood, if the spike be 
driven until the bar compresses the wood to a great deffree, the 
recoil of the latter may become so great as to start back we spike 
for a short distance after the last blow has been given." 

342. From the fourth series of experiments it appears, that the 
spike taperinff gradually towards the cutting edge, gives better 
results man those with more obtuse ends. 

That beyond a certain limit the ratio of the weight of the spike 
to the extracting force begins to diminish ； " showing that it would 
be more economical to increase the number rather than the length 
of the spikes for producing a given effect." 

" That the absolute retaining power of unseasoned chesnut on 
square or flat spikes of from two to four inches in length, is a 
little more than 800 lbs. for every squcie inch of their two ifaces 
which condense longitudinally the fibres of the timber." 
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MASONRY. 

343. Maboket is the art of raising structures, in stone, brid^ 
and mortar. 

344. 'Masonry is classified either from the nature of the mate* 
rial, as stone masanryy brick masonry, and mixed, or that which 
is compoeed of stone and brick ； or from the manner in which 
the material is prepared, as ciU stone or ashlar masonry^ rubble 
tUme or rough masonry, and hammered stone masonry ； or, 
finally, from the form of the material, as regular masonry, and 
irregular masonry. 

345. Cut Stone, Masonry of cut stone, when carefully made, 
is stronger and more solid than that of any other class ； but, owing 
to the labor required in dressing, or preparing the stone, it is also 
the most expensive. It is, therefore, mostly restricted to those 
works where a certain architectural effect is to be produced by 
the regularity of the masses, or -where great strength is indiapen- 
table. 

346. Before explaining the means to be used to obtain the 
greatest strength in cut stone, it will be necessary to give a few 
definitions to render the subject clearer. 

In a wall of masonry, the texmfac§ is usually applied to the 
boat of the wall, and the term oack to the inside ； the stone 
which fonns the front, is termed the facing ; that of the back, 
the backing ； and the interior, the JUhns. If the fronts or back 
of the waUy has a uniform slope firom we top to the bottom, this 
dope is termed the batter, or oAtir» 

The term course is applied to each horizontal layer of stone 
ia the wall : if the stones of each lay^er are of eaual thickness 
ihroughouty it is termed regular coursing ； if the Uucknesses are 
unequal, the term random, or irregular coursing, is applied. 
The diyisions between the stones, in the courses, are termed the 
joints ； the upper surface of the stones of each course is also, • 
sometimes, termed the bed, or build. 

The arrangement of the different stones of each course, or of 
contiguous courses, is termed the band. 

347. The strength of a mass of cut stone masonry will depend 
on the size of the blocks in each course ； on the accuiacy of the 
lixessing ； and on the bond used. 

348. The size of the blocks varies with the kind of stone, and 
the nature of the quarry. From some quarries the stone may be 
obtained of any required dimensions ； others, owing to some pe- 
culiarity in the formation of the stone, only fiiniish blocks of amaU 
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size. Again, tie strength of some stones is so great aa to admit 
of their being used in blocks of any size, without danger to the 
stability of the structure, arising from their breaking ； odiers can 
only be used with safely, when the length, breadth, and thickness 
of the block bear certain relations to each other. No fixed rule 
can be laid down on this point : that usually followed by builders, 
is to make, with ordinary stone, the breadth at least equal to the 
thickness, and seldom greater than twice this dimension, and to 
limit the length to witoin three times the thickness. When the 
breadth or the len^ is considerable, in comparison with the 
thickness, there is danger that the block may break, if any un- 
equal settling, or unequal pressure should take place. As4o^the 
absolute dimensions, tlj[e tnickness is generally not less than one 
foot, nor greater than two ； stones of mis thickness, with the rel- 
ative dimensions just laid down, will weigh from 1000 to 8000 
pounds, allowing, on an average, 160 pounds to the cubic foot. 
With these dimensions, therefore, the weight of each block will 
require a very considerable power, both oi machinery and men, 
to set it on its bed. 

349. For the coping and top courses of a wall, the Same ob- 
jections do not apply to excess in length : but this excess may, on 
the contrary, prove favorable ； because the number of top joints 
being thus diminished, the mass beneath the coping will be better 
protected, being exposed only at the joints, which cannot be made 
water-tight, owing to the mortar being crushed by the expansion 
of the blocks in wann weather, and, when they contract, being 
washed out by the rain. 

350. The closeness with which the blocks fit is solely depen- 
dent on the accuracy with which the surfaces in contact, are 
wrought or dressed ； if this part of the work is done in a slovenly 
manner, the mass will not only present open joints from any in- 
equality in the settling ； but, from the courses not fitting accurately 
on their beds, the blocks will be liable to crack from the unequd 
pressure on the different points of the block. 

351. The surfaces of one set of joints should, as a prime con- 
dition, be perpendicular to the direction of the pressure : by this 
arrangement, there wilt be no tendency in any of the blocks to 
slip. In a vertical wall, for example, the pressure being down* 
ward, the surfaces of one set of Joints, which are the beds, must 
be horizontal. The surfaces oi the other set must be peipen- 
dicular to these, and, at the same time, perpendicular to the face, 
or to the back o/lhe wall, according to the position of the stones 
in the mass ； two essentisd points will thus be attained ； the an- 

irles of the blocks, at the top and bottom of the course, and at the 
ace or back, will be right angles, and the block will therefore be 
08 strong a) the nature of the stone will admit. The principles 
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termed a through; if it only reaches part of the distance H it 
termed a binder. The vertical joints of one coune are either 
joBt o、er the middle of the blocks of the next course below, or 
else, at least four inches on one side or the other of the vertica' 
jgints of that course ； and the headers of one course rest as nearly 
as practicable on the middle of the stretchers of the course be- 
neath. If the backing is of rubble, and the facing of cut stone, a 
system of throughs or binders, similar to what has just been ex- 
piamedy must be used. 

By the arrangement here described, the facing and backing of 
each course are well connected ； and, if any unequal settling 
takes place, the vertical joints cannot open, as would be the case 
were they in a continued line from the top to the bottom of the 
mass ； as each block of one course coniineg the ends of the two 
blocks on which it rests in the course beneath. 

356. In masses of cut stone exposed to violent shocks, as those 
of which light-houses, and sea-walls in very exposed positions 
are formed, the blocks of each course require to be not only very 
firmly united tnth each other, but also with the courses above 
and below them. To effect this, various means have been used. 
The beds of one course are sometimes arranged with projections 
(Fig. 9,) which fit into corresponding indentations of the next 
<*mir8e. Iron cr^ps in the form of me letter S, or in any other 
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•faftpe that will answer the purpose of giving them 、a firm hold on 
the blocks, are let into the top of two blocks of the same course 
It 91 vertical joint, and are nrmlv set with melted lead, or with 
boha, 80 as to confine the two blocks together. Holes are, in 
wme cases, drilled through several courses, and the blocks of 
theie courses are connected by strong iron bolts fitted to the 
holes. 

The most noted examples of these methods of strenffthening 
the oood of cut atone, are to be found in the works of tbeKomuig 
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cut obliquely into the block to receive bolts with eyes for the 
same purpose. 

When a block of cut stone is to be laid, the first point to be 
attended to, is to examine the dressing, which is done by placing 
the block on its bed, and seeing that the joints fit close, and the 
face is in its proper plane. If it be found that the fit is not accu- 
rate, the inaccuracies are marked, and the requisite changes made, 
rhe bed of the course, on which the block is to be laid, is then 
diOTOughly cleansed from dust, &c" and well moistened, a bed 
of thin mortar is laid evenly over it, and the block, the lower sur- 
face of which is first cleansed and moistened, is laid on the mor- 
tar-bed, and well settled by striking it with a wooden mallet. 
When the block is laid against another of the same course, the 
joint between them is prepared wjth mortar iu the same manner 
as the bed. 

358. Rubble Stone Masonry, With good mortar, rubble 
work, when carefully executed, possesses all the strength and 
durability required in structures of an ordinary character ； and it 
is much less expensive than cut stone. 

359. The stone used for this work should be prepared simply 
by knocking off all the sharp, weak angles of the Dtock ； it is then 
Cleansed from dust, &c" and moistened, before placing it on its 
bed. This bed is prepared by spreading over the top of the lower 
course an ample quantity of good ordinary-tempered mortar, into 
which the stone is firmly imbedded. The interstices between the 
larger masses of stone are filled in, by thrusting, small fragments, 
or chippings of stone, into the mortar. Finally, the whole course 
may be carefully grouted before another is commenced, in. order, 
to nil up any voids left between the full mortar and stone. 

360. To connect the parts well together, and to strengthen the 
iireak points, throughs or binders should be used in all the courses 
and the angles should be constructed of cut or hammered stone. 
In heavy walls of rubble masonry, the precaution, moreover,, 
should be observed, to lay the stones on their quarry-bed ； that 
is, to give them the same position, in the mass of masonry, that, 
they had in the quarry ； as stone is found to offer more resistance 
to pressure in a direction perpendicular to the nnarry-bedj than- 
in any other. The directions of the lamina in stratified stones,: 
show the position of the quairy-bed. 

361. Hammered stone, or dressed rubble, is stone roughly 
faishioned into regular masses with the hammer. The same pre 
cautions must be taken in laying this kind of masonry, as in the 
two preceding. 

362. BricK Masonry. With good brick and mortar, this ma 
Boniy offers great strength and durability, arising &om the ationg 
adhesion between the mortar and brick. 

15 
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363. The b<md used in brick work is very various, dej^ending 
on the character of the structure. The most usual kinds are 
juiown as the English and Flemish* The first consists in ar- 
ranging the courses alternately, entirely as headers or stretchers, 
the bricks through the course breaking joints. In the second the 
bricks are laid as headers and stretchers in each course. The 
first is stated to give a stronger bond than the last, the bricks of 
which, owing to 'the difficulty of preventing continuous joints, 
either in the same or different courses, are liable to separate, 
causing the face .or the back to bulge outward. The Flemish 
bond presents the finer architectural appearance, and is therefore 
preferred for the fronts of edifices. ' 

364. Timber and iron have both been used to strengthen the 
bond of brick masonry. Among the most remarkable examplep 
of their uses are the well, faced in brick, forming an entrance to 
the Thames Tunnel, the celebrated work of Mr. Brunei, and his 
experimental arch of brick, a description of which is ffiyen in the 
Civil Engineer and Architecfs Journal, No. 6, vol. 1. In both 
these structures Mr. Brunei used pantile laths and hoop iron, in 
the interior of the horizontal courses, to connect two contiguous 
courses throughout their length. The efficacy of this method 
has been farther fully tested by Mr. Brunei, in ezperimehts made 
on the resistance to a transversal strain of a brick beam bonded 
with hoop iron, accounts of which, and of experiments of a like 
kind, are given by Colonel Pasley in his work on Limes, Calca- 
reous Cements, &c. 

365. The moitar-bed of brick, may be either of ordinary, or 
thin-tempered mortar ； the last, however, is the best, as it makes 
closer joints, and, containing more water, does not dry so rapidly 
as the other. As brick has great avidity for water, it would al- 
ways be well not only to moisten it before laying it, but to allow 
it to soak in water several hours before it is used. By taking 
this precaution, the mortar between the joints will set more firmly 
.than when it imparts its water to the dry brick, which it frequently 
does 80 rapidly as to render the mortar pulverulent when it has 
dried. 

FOUNDATIONS. 

366. The term foundation is used indifferently either for the 
lower courses of a structure of masonry, or for the artificial 
arrangemeat, of whatever character it may be, on which these 
courses rest. For more perspicuity, the term bed of the founda- 
tion will be used in this work when the' latter is designated. 

367. The strength and durability of structures of masonry de- 
peiyl essentially upon the bed of the foundation. In arranging 
utisy jsigiudi must be had not only to the permanent efforts whi<£ 
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Ae bed may have to support, but to those j>f an accic^ental cha* 
ncter. It should, in all cases, be placed so far belaw the surface 
of the soil on which it rests, that it will not be liable to be un* 
eovered, or exposed ； and its surface should not only be normal 
to the resultant of the efforts which it sustains, but tnis resultant 
should intersect the base of the bed so far within it, that the por- 
tion of the soil between this point of intersection and the outward 
edge of the base shall be broad enough to prevent its yielding 
from thepressure thrown on it. 

368. The first preparatory step to be taken, in determining the 
kind of bed required, is to ascertain the nature of the subsoil on 
which the structure is to be raised. This may be done, in or- 
dinary cases, by sinking a pit ； but where the Bubeoil is composed 
of various strata, and the structure demands extraordinary pre- 
caution, borings must be made with the tools usually employed 
for this purpose. 

369. With respect to foundations, soils are usually divided 
into three classes : 

The 1st class consists of soils which are incompressible, or, at 
least, so slightly compressible, as not to affect the stability of the 
heaviest masses laid upon them, and which, at the same lime, do 
not yield in a lateral direction. Solid rock, some tufas, compact 
stony soils, hard clay which yields only to the pick, or to blast- 
iDg, belong to this class. 

The 2d class consists of soils which are incompressible, but 
require to be confined laterally, to prevent them from spreading 
out. Pure gravel and sand belong to this class. 

The 3d class consists of all the varieties of compressible soils ； 
under which head may be arranged ordinary clay, the common 
earths, and marshy soils. Some of this class are /ound in a more 
or less compact state, and are compressible only to a certain ex* 
tent, as most of the varieties of clay and common earth ； others 
are found in an almost fluid state, and yield, with facility, in every 
direction. 

370. To prepare the bed for a foundation on rock, the thick- 
ness of the stratum of rock should first be ascertained, if there are 、 
any doubts respecting it : and if there is any reason to suppose 
that the stratum has not sufficient stren^h to bear the weight of 
the structure, it should be tested by a tnal weight, at least twice 
as great as the one it will have to bear permanently. The rock 
u next pr(^rly prepared to receive the foundation courses, by 
levelling iu surface, which is effected by breaking down all pro- 
ecting points, and filling up cavities, either with rubble masonry 
or witn beton , and by carefully removing any portions of the up 
per stratum which present indications of having been injured by 
the weather. The surface, prepared in this manner, should, more 
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over, be perpendicular to the direction of the pressure ； if this if 
vertical, the Surface should be horizontal, and so for any othei 
direction of the pressure. Should there, however, be any diffi- 
culty in so arranging the surface as to have it normal to the re- 
sultant of the pressure, it may receive a position such that one 
component of tlie resultant shall be perpendicular to it, and the 
other parallel ； the latter being counteracted by the friction and 
adhesion between the base of tne bed and the surface of the rock. 
If, owing to a great declivity of the surface, the whole cannot bo: 
brought to the same level, the rock must be broken into steps, in 
order that the bottom courses of the foundation throughout, may 
rest on a surface perpendicular to the direction of the pressure. 
If fissures or cavities are met with, of so great an extent as to 
render the filling them with masonry too expensive, an arch must 
then be formed, resting on the two sides of the fissure, to support 
that part of the structure above it. 

The slaty rocks require most care in preparing them to receive 
a foundation, as their top stratum will generally be found injured 
to a greater or less depth by the action of frost 

371. In stony earths and hard clay, the bed is prepared by 
digging a trench wide enough to receive the foundation, and deep 
enough to reach the compact soil which has not been injured by 
the action of frost : a trench from 4 to 6 feet, will generally he 
deep enough for this purpose. 

372. In compact gravel, and sand, where there is no liability 
to lateral yielding, either from the action of rain or any other 
cause, the bed may be prepared as in the case of stony earths. 
If there is danger from lateral yielding, the part on which the 
foundation is to rest must be secured by confining it laterally by 
means of sheeting piles, or in any other way that will offer suffi- 
cient security. 

373. In laying foundations on firm sand, a further precaution 
is sometimes resorted to, of placing a platform on the Dottom of 
the trench, for the purpose oi distributing the whole weight more 
uniformly over it. This, however, seems to be unnecessary ； for 

' if the bottom courses of the masoniy are well settled in their bed, 
there is no good reason to apprehend any unequal settling from the 
effect of the superincumbent weight : whereas, if the wood of the 
platform should, by any accident, give way, it would leave a part 
of the foundation without any support 

When the sand under the bed is liable to injury from springs 
they must be cut off, and a platform, or, still better, an area of 
belon should compose the bed, and this should be confined on all 
sides between walls of stone, or beton sunk below the bottom of 
tke bed. 

374. If, in opening •• trench in sand, water is founrl at a slight 
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depth, and in such quantity as to impede the labors of the work- 
men and the trench cannot be kept dry by the use of pumps oi 
scoops, a row of sheeting piles must be driven on eacn side of 
the space occupied by it, somewhat below the bottom of the bed, 
the sand on the outside of the sheeting piles be thrown out, and 
its place filled with a puddling of clay, to form a water-tight en- 
closure round the trench. Tne excavation for the bed is then 
commenced ； but if it be found that the water still makes rapidly 
at the bottom, only a small portion of the trench must be opened, 
and after the lower courses are laid in this portion, the excavation 
will be gradually effected, as fast as the workmen can execute 
the work without difficulty from the water. 

375. The beds of foundations in compressible soils require pe- 
culiar care particularly when the soil is not homogeneous, pre- 
senting more resistance to pressure in one point than in another ； 
for, in that case, it will be very difficult to guard against unequal 
settling. 

376. In ordinary day, or earth, a trench is dug of the proper 
width, and deep enough to reach a strattun, beyond the action of 
frost ； the bottom of the trench is then levellea off to receive the 
foundation. This may be laid immediately on the bottom, or 
else upon a grillage and />2a(/bm. In the first case, the stones 
forming the lowest course, should be firmly settled in theii 
beds, by ramming them with a very heavy beetle. In the second 
a timber grating, termed a grillage (Fig. 12,) which is formed 
of a course of heavy beams laid lengthwise in the trench, anc 
connected firmly by cross pieces into which they are notched, is 
firmly settled in the bed, and the earth is solidly packed between 
the longitudinal and cross pieces ； a flooring of thick planks, 
termed a platform, is then laid on the gridage, to receive the 
lowest course of the foundation. The object of the grillage, and 




platform, is to diJfuse the weight more uniformly over the ？ nr 
nee of the trench, to prevent any part from yielding. 



118 



3T7. Repeated failures in grillages and platfonns, arising eiiitdi 
from the compression of the woody fibre, or from a transTeisal 
strain occasioned by the subsoil ottering an unequal resistance^ 
have impaired confidence in their efficacy. Engineers now pre 
fer 'beds formed of an area of beton, as offering more security than 
any bed of timber, either in a uniformly, or unequally coinprem* 
ble soil. 

378. The preparation of an area of beton for the bed of a 
foundation, will depend on the circumstances of the case. In 
ordinary cases the beton is thrown into th^ trench, and carefully 
rammed in layers of 6 or 9 inches, until the mortar collects in a 
semi-fluid state on the top of the layer. If the base of the bed is 
to be broader than the top, its sides must be confined by boards 
suitably arranged for this purpose. Whenever a layer is left in- 
complete at one end, and another is laid upon it, an offset should 
be left at the unfinished extremity, for the purpose of connecting 
the two layers more firmly when the work on the unfinished part 
is resumed. * 

Considerable economy may be effected, in the quantity of be- 
ton required for the bed, by using large blocks of stone which 
should be so distributed throughout the kyer, that the beetle will 
meet with no difficulty in settling the beton between and around 
the blocks. 

When springs rise through the soil over which the beton is to 
be spread, the water from tnem must either be conveyed off by 
artificial channels, which will prevent it rising throuffh the mass 
of beton and washing out the lime ； or else strong cloSi, prepared 
80 as to be impermeable to water, may be laid over the surface 
of the soil to receive the bed of beton. 

The artificial channels for conveying off the water may be 
formed either of stone blocks with semi-cylindrical channels cut 
in them, or of semi-cjiinders of iron, or tiles, as may be most 
convenient. A sufficient number of these channels should be 
formed to give an outlet to the water as fast as it rises. 

An impermeable cloth may be formed of stout canvass, pre- 
pared with bituminous pitch and a drying oil. It is well to have 
the cloth doubled on each side with ordinary canvass to prevent 
accidents. The manner of settling the cloth on the surface of 
the soil must depend on the circumstances of the case. 

Each of the foreffoing expedients for preventing the action of 
springs on an area of beton, has been tried with success. When 
artificial channels are used, they may be completely choked sub* 
semiently, by injecting into them a semi-fluid hydraulic cement^ 
and the action of the springs be thus dostroyed. 

FoundatioD beds of oeton are frequendy made without exhaust* 
mg the water from the area on which thoy are laid. For thi« 
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pupose the beton is thrown in layers over the area, by using 
either a wooden conduit reaching nearly to the position of the 
layer, or else by placing the beton (Fig 13) in a box by which it 
is lowered to the position of the layer, and from whicn it is de 
posited so as not to permit the water to separate the lime from 
Ae other ingredients. 
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Should it be found that springs boil up at the bottom, it mutt 
be covered with an impermeable cloth. 

379. In marshy soils, the principal difficulty consists in form- 
ing a bed sufficiently fimi to give stability to the structure, owing 
to the yielding nature of the soil in all directions. 

The following are some of the dispositions that have been tried 
with success in this case. Short piles from 6 to 12 feet long, 
and from 6 to 9 inches in diameter, are driven into the soil as 
close together as they can be crowded, over an area considerably 
Iter than that which the structure is to occupy. The heads 
le piles are accurately brouglit to a level to receive a crillago 
[id platform ； or else a layer of clay, from 4 to 6 feet thick, is 
id over the area thus prepared with piles, and is either solidly 
rammed in layers of a foot thick, or submitted to a very heavy 
pressure for some time before commencing the foundations. The 
object of preparing the bed in this manner, is to give the up- 
per stratum of the soil all the firmness possible, by subjecting 
It to a strong compression from the piles ； and when this has 
been effected, to procure a firm bed for the lowest course of the 
fouiKlation by the ^llage, or clay bed ； by these means the 
whole pressure will oe uniformly distributed throughout the en- 
lire area. This case s also one in which a bed of beton would 
replace, with great advantage, either the one of clay, or the 
grillage. 

The purposes to which the short piles are applied in this case 
k different from the object to be attained usually in ihe employ 
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ment of piles for foundations ； which is to transmit the weight of 
the structure that rests on the piles, to a firm incompressible soil, 
overlaid by a compressible one, that does not oner sufficient 
firmness for the bed of the foundation. 

380. When a firm soil is overlaid by one of a compressible 
character, and its distance below the surface is such that it can be 
reached by piles of ordinary dimensions, they should be used in 
preference to any other plan, when they can be rendered durable, 
on account of their economy and the security they afford. 

To prepare the bed to receive tlie foundations in this case, 
strong piles are driven at ecjual distances apart, over the entire 
area on which the structure is to rest. These piles are driven, 
until ihey meet with a firm stratum below the compressible one, 
which offers sufficient resistance to prevent them from penetra- 
ting farther. 

381. Piles are generally from 9 to 18 inches in diameter, with 
a length not above 20 times the diameter, in order that they may 
not bend under the stroke of the ram. They are prepared for 
driving, by stripping them of their bark, and paring down the 
knots, 80 that the friction, in driving, may be reduced as much as 

Eossible. The head of the pile is usually encircled by a strong 
oop of wrought iron, to prevent the pile from being spUt by the 
action of the ram. The foot of the pile may receive a shoe 
formed of ordinary boiler iron, well fitted and spiked on; or a 
cast-iron shoe of a suitable form for penetrating the soil may be 
cast around a wrought-iron bolt, by means of wmch it is fastened 
to the pile. 




Fig. I4f— Reprawnts a wetion thnrngh the axk of a Mi(-ifan Mmo and 

wzoughtriroa bolt for a pile 



382. A machine, termed a pile engine, is used for driving 
piles. It consists essentially of two uprights firmly connected 
at top by a cross piece, and of a ram、 or monkey of cast iron, for 
driving the pile dv a force of percussion. Two kinds of en- 
gines are in use ； the one termed a crab engine, from the ma- 
chinery used to hoist the ram to the height from which it is to 
fall on the pile ； the other the ringing engine, from the monkey 
being raised by the sudden pull of several men upon a rope, 
by which the ram is drawn up a few feet to descend on the 
pile. 

rhe crab engine is by far the more powerful machine, but on 
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this account is inapplicable in some cases, as in the drivi* g of 
castriron piles, where the force of the blow might destroy the 
pile ； also in long slender piles it may cause the pile to spring sa 
much as to prevent it from entering me subsoil. 

The manner of driving piles, and the extent to which they may 
be forced into the subsoil, will depend on local circumstances. It. 
Mnnetimes happens that a heayy blow will effect less than se\eral 
slighter blows, and that piles after an interval between successive. 
ToSeys of blows, can with difficulty be started at first. In some 
cases the pile breaks below the sunace, and continues to yield to 
the blows, by the fibres of the lower extremity being crushed. 
These difficulties require careful attention on the part of the en- 

f'lneer. Piles should be driven to an unyielding subsoil. The 
rench civil engineers have, however, adoptea a rule to stop 
the driying when the pile has arrived at its absolute stoppage, 
this being measured by the farther penetration into the subsoil 
of , about /^ths of an inch, caused oy a volley of thirty blows 
from a ram of 800 lbs., falling from a height of 5 feel at each 
blow. 

383. If the bead of a pile has to be driven below the level to 
which the ram descends, another pile, termed a punch, is used 
for the puipose. A cast-iron socket of a suitable form embraces 
the head oi the pile and the foot of the punch, and the effect of 
the blow is thus transmitted through the punch to the pile. 

384. When a pile from breaking, or any other cause, has to be 
diawn out, it is done by using a long beam as a lever for the pur- 
pose ； the pile being attached to the lever by a chain, or rope 
suitably adjusted. 

385. The number of piles required, will be regulated by the 
weight of the structure. An allowance of 1000 pounds on each 

auare inch will ensure safety. The least distance apart, at 
liich the piles can be driven with ease, is about 2} feet oetween 
their centres. If they are more crowded than this, they may 
force each other up, as they are successively driven. When this 
is found to take place, the driving should be commenced at the 
centre of the i rea, and the pile should be driven with the butt end 
downward. 

386. Froin e^j^riments carefully made in France, it appears 
that piles which resist only in virtue of the friction arising from 
the compression of the soil, cannot be subjected with safety to a 
load greater than one fifth of that which piles of the same dimen- 
sions will safely support when driven into a firm soil. 

387. After tne piles are driven, they are sawed off to a level, 
to receive a grillage and platform for the foundation. A large 
beam, termed a ctxpptngt is first placed on the heads of the out- 
m ie row of piles, to which it is fastened by meaiu of wooden 

16 
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pins, or tree^naus driven into an auger-hole, made through th^ 應 I 

cap into the head of each pile. After the cap is fitted, longitudi ^ 
nai beams, termed string pieces, are laid lengthwise on the head 翻 
of each row, and rest at each extremity on the cap, to which they 'j 
are fastened by a dove-tail joint and a wooden pin. Another series 
of beams, termed cross pieces^ are laid crosswise on the string 
pieces, over the heads of each row of piles. The cross and striog 
pieces are connected by a notch cut into each, so that, when put 
together, their upper surfaces may be on the same level, and tney i 
are fastened to tne heads of the piles in the same manner as the 
capping. The extremities of the cross pieces rest on the capping, 
an^arf connected with it, like the string pieces. * 
The platform is of thick planks laid over the grillage, with 
the extremity of each plank resting on the capping, to which, 
and to the string and cross pieces, the planks are fastened by 
naHs. 

The capping is usually thicker than the cross and string pieces 
bv the thickness of the plank ； when this is the case, a rabate, 
about four inches wide, must be made on the inner edge of the 
capping, to receive the ends of the planks. 

388. An objection is made to the platform as a bed for the 
foundation, owing to the want of adhesion between wood and 
mortar ； from which, if any unequal settling should take place, 
the foundations would be exposed to slide off the platform. To 
obviate this, it has been proposed to replace the grillage and plat* 
form by a layer of beton resting partly on the heads of the piles, 
and partly on the soil between them. This means would furnish 
a firm bed for the masonry of the foundations, devoid of the ob- 
jections made to the one of timber. ' 

To counteract any tendency to sliding, the platform ,inay be 
inclined if there is a lateral pressure, as in the case, for example, f 
of the abutments of an arch. 

389. In soils of alluvial formation, it is common to meet with 、 
a stratum of clay on the surface, underlaid with soft mud, in 

which case, the driving of short piles would be injurious, as the 
tenacity of the stratum of clay would be destroyed by the oper- 
ation. It would be better not to disturb the upper stratum 
in this case, but to give it as much firmness as possible, by 
ramming it witfa^ a heavy beetle, or by submitting it to a heavy 
pressure. 

390. Piles and sheeting piles of cast iron have been used with 
complete success in England^ both for the ordinaiy purposes of 
cofferdams, and for permanent structures for ivnamng. The 

tiles have been cast of a variety of forms ； in some ca&es tbey 
ave been cast hollow for the purpose of excavating the so3 
within the pile as it was driven, and thus facilitate its penetration 
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HMO ibe nibaoil. Fig. 15 represenu b cross jectiui <^ one c 
iBne recent ftirangemeiiu of iron piles and sheeting |^m> 
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391. Sand has also been, used with adruitage to farm a bed 
for foundations in a 、eiy compressible soil. For this purpose 
a trench is (Fig. 16) excaTat«d, and filled with sand ； the sand 
being spread in layers of about 9 inches, and each layer being 
finn^ settled by a neaTy beetle, before laying the next If water 



■bould make rapidly in the treoch, h would not be {aseticable u 
pack the rand in layen. Instead, therefne, of opemag a troidi, 
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«hould be made, by means of a short pile, as close together af 
practicable ； when the pile is withdrawn from the hole, it is im- 
mediately filled with ssL、d. To cause the sand to pack firmly, it 
should be slightly moistened before placing it in tke holes, oi 
trench. 

Sand, when used in this way, possesses the valuable property 
of aBsuming a new position oi equilibrium and stability, snould 
the soil on which it is laid yield at any of its points.' Wot only 
does this take place along the base of the sand bed, but also along 
the edges, or sides, when these are enclosed by the sides of the 
trench made to receive the bed. This last point offers also some 
additional security against yielding in a lateral direction. The 
bed of sand must, in all cases, receive sufficient thickness to cause 
the pressure on its upper surface to be distributed over the entire 
base. • 

392. When, from the fluidity of the soil, the vertical pressure 
of the structure causes the soil to rise around the bed, this action 
may be counteracted,.either by scooping out the soil to some depth 
around the bed and replacing it by another of a more compact 
nature, well rammed in layers, or with any rubbish of a solid 
character ； or else a mass of loose stone may be placed over the 
surface exterior to the bed, whenever the character of the struc- 
ture will warrant the expense. 

393. Precautions against Lateral Yielding. The soils which 
have been termed compressible, strictly speaking, yield only by 
the displacement of their particles either in a lateral direction, or 
upwara around the structure laid upon them. Where this action '- 
arises from the effect of a vertical weight, vmiformly distributed 
over the base of the bed, the preceding methods for giving per- 
manent stability to structure, present all requisite security, ^ut 
when the structure is subjected also to a lateral pressure, as for 
example, that which would arise from the action of a bank of 
earth resting against the back of a wall, additional means of secu- 
rity are demanded. 

One of the most obvious expedients in this case, is to drive a 
row of strong square piles in juxtaposition immediately in contact 
with the exterior edges of the bed. This expedient is, however, 
only of service where the p ies attain either an incompressible 
soil, or one at least firmer than that on which the bed imme- 
diately rests. For otherwise, as is obvious, the piles only serve 
to transmit the pressure to the yielding soil in contact with them. 
But where they are driven into a firm soil below, they cain a 
fixed point of resistance, and the only insecurity they offer is 
either by the rupture of the piles, from the cross stiain upon 
them, or firom the yielding of the firm subsoil^ from the mne 
cause 
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(Kg. 22) consist* in driving a row of ordinary alni^t pilM 
tiDond toe area to be mcloted, pladng their centre lines about 4 
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feet asunder. A second row is driven parallel to the first, the 
respective piles being the same distance apart ； the distance be 
tween the centre lines of the two rows being so regulated as to 
leave the requisite thickness between the sheeting piles for the 
dam. The piles of each row are connected by a horizontal beam 
of square timber, termed a string or wale piece, placed a foot or 
two above the highest water line, and notched and bolted to each 
pile. The string pieces of the inner row of piles is placed on the 
side next to the area enclosed, and those of the outer row on the 
outside. Cross beams of square timber connect the string pieces 
of the two rows, upon which they are notched, serving both to 
prevent the rows of piles from spreading from the pressure that 
may be thrown on them, and as a joisting for the scaffolding. On 
ihe opposite sides of the rows, interior string pieces are placed, 
about the same level with the exterior, for the purpose of serving 
both as guides and supports for the sheeting piles. The sheeting 
piles being well jointed, are driven in juxtaposition, and against 
the interior string pieces. A third course of string, or ribbon 
pieces of smaller scantling confine, by means of large spikes, the 
sheeting piles against the interior string pieces. 

As has been stated, the thickness of the dam and the dimen- 
sions of the timber of which the coffer work is made, will depend 
upon the pressure due to the head of water, when the interior 
space is pumped dry. For extraordinary depths, the engineer 
would not act prudently were he to neglect to verify by csucula- 
tion the equilibrium between the pressure and resistance ； but for 
ordioary depths under 10 feet, a rule followed is to make the 
thickness of the dam 10 feet ； and for depths over 10 feet to give 
an additional thickness of one foot for every additional depth of 
three feet. This rule will give every security against filtrations 
through the body of the dam, *but it might not give sufficient 
strength unless the scantling of the coffer work were suitably in- 
creased in dimensions. 

In very deep tidal water, coffer-dams have been made in off- 
sets, by using three rows of sheeting piles for the purpose of 

S;iying greater thickness to the dam below the low-water level, 
n such cases strong square piles closely jointed and tongued and 
grooved, should be used in place of the ordinary sheeting piles. 

Besides providing against the pressure of the head of water, 
suitable dimensions must be given to the sheeting piles, in order 
thai they may sustain the pressure arisingfrom the puddling when 
the interior space is emptied of water. This pressure against tiie 
hiterior sheeting piles may be farther increased by that of Ht e e\ 
tenor water upon the exterior sheeting piles, should the pressure 
of the latter be greater than the former. To provide more se- 
curely against the effect of these pressures, iiltermediate string 
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pieces may be placed against the interior row of piles before dM 
sheeting piles are driven ； and the opposite sides of the dam on 
the interior may be buttressed by cross pieces reaching across the 
top string pieces, and by horizontal beams placed at intermediata 
points between die top and bottom of the dam. 

The main inconvenience met with in coffer-dams arises from 
the difficulty of preventing leakage under the dam. In all cases 
the piles must be driven into a firm stratum, and the sheeting 
piles should equally have a firm footing in a tenacious compact 
sub-stratum. When an excavation is requisite on the interior, to 
uncover the subsoil on which the bed of the foundation is to be 
laid, the sheeting piles should be driven at least as deep as this 
point, and somewhat below it if the resistance offereid to the 
driving does not prevent it. 

The puddling should be formed of a mixture of tenacious clay 
and sand, as this mixture settles better than pure clay alone. 
Before placing the puddling, all the soft mud and loose soil be- 
tween tne sheeting piles dhould {>e carefully extracted ； the pud- 
dling should be placed in and compressed in layers, care being 
taken to agitate the water as little as practicable. 

With requisite care coffer-dams may be used for foundations in 
any depth of water, provided a water-tight bottoming can be found 
for the puddling. Sandy bottoms offer the greatest difficult in 
this respect, and when the depth of water is over 5 feet, extraor- 
dinary precautions are requisite to prevent leakage under the 
puddling. 

When the depth of water is over 10 feetj particularly where 
the bottom is composed of several feet of soft mud, or of loose 
soil, below which it will be necessary to excavate to obtain a firm 
stratum for the bed of the foundatioiii additional precautions will 
be requisite to give sufficient 8up|)ort to the interior sheeting piles 
against the pressure of the puddling, to provide against leakage 
under the puddling, and to strengthen the dam against the pres- 
sure of the exterior water, when the interior space is pumped diy 
and excavated. The best means for these ends, when the local- 
ity will admit of their application, is to form the exterior of the 
dam, as has already been described, by using piles and sheeting 
piles, giving to the latter additional points of support, by interme- 
diate string pieces between the one at top and the bottom of the 
water ； and to form a strong framing of timber for a support to 
the interior sheeting piles, giving to it the dimensions of tne area 
to be enclosed. The frame-work (Fig. 23) may be composed of 
upright square beams, placed at suitaole distances apart, depend* 
inff on the strength required, upon which square string pieces are 
bolted at suitable distances from the top to the bottom, tne bottom 
Btring resting on the surface of the mud. The string pieces 
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nrttca) plane. Between each pair of opposite uprights, horizon* 
tal shores may be placed at the points opposite the position of the 
nring pieces, to increase the resistance of the dam to the preasure 
of Am water; the top shores extending entirely across the dam, 
and being nMched on the top string pieces. The interior shores 
must be so arranged that they can be readily taken out as the 
！ interior is built up, replacing them by other shores 
the masonry itseu. 



leBttng asainst the masonry itseU 
397. When the bed of a rives 
covered with but a few feet of mud, or loose soil, cases may occii 
in which it will be more economical and equally safe to lay a be 
td beton without exhausting the water from tne area to be bui 
on ； encloBuig the area, before throwing in the beton, by a simpl 
~ V TOnned of a strong frame work of uprights and hori 



a^ei work ft 



lontal beams and sheeting piles. The frame work (Fig. '. 
this case is composed of uprights connected by string piec 
pairs ； each pair its notched ana bolted to the uprights, a sufficient 
mterral being left between them for the inaertion of the sheeting 
pilea. To »ecure the frame work to the rock, it may be rc- 
^nisite to diiU hcdes in the rock to receire the foot of each up* 
nj^. The bdea may be drilled by means of a lone iron w, 
tenned tjtmper, which is used for thispurpoae, w else the or' 
dinarv diving bell may be empk^red. IIim mftdiiM w tot ser- 
Ticeible in all similar constnictiow vfaere an aaminfttkm of work 
nder water U requisite, or in cases where it u necesraiy to hj 



masoniy under water. The frame work is put together on land, 
flotted to ita p08iti<Hi, ami Milled upon tl « took. ； the aheetiiif 
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By means of this gate, the caisson can be filled and grounded, 
auiOt by closing the gate and pumping out the water, it can be set 
afloat. 

After the caisson is settled on its bed, and the masorry of the 
structure is raised above the surface of the water, the sides are 
detached, by first unscrewing the nuts and detaching the rods 
and then talung off the top cross pieces. By first filling the cais-> 
■on with water, this operation of aetaching tne sides can be more 
easily performed. 

400. To adjust the piles before they are driven, and to prevent 
them from spreading outward by the operation of driving, a strong 

ting of heavy timber, formed by notching cross and longitudi- 
pieces on each other, and fastening them firmly together, may 
resorted to. This grating is arranged in a similar manner to 
a grillage ； only the square compartments, between the cross and 
string pieces, are larger, so that they may enclose an area for 4 
ur 9 piles ； and, instead of a single row of cross pieces, the 
.ting is made with a double row, one at top, the other at the 
m, embracing the string pieces on which they are notched, 
e grating may be fixed in its position at any depth under 
water, by a few provisional piles, to which it can be attached. 

401. Where tne area occupied by a structure is very consider* 
able, and the depth of water great, the methods which have thus 
far been explained cannot be used. In such cases, a firm bed 
is made for the structure, bv forming an artificial island of loose 
heavy blocks of stone, whicii are spread over the area, and receive 
a batter of from one perpendicular to one base, to one perpen- 
dicular and six base, according to the exposure of the bed to the 
effects of waves. This bed is raised several feet above the sur- 
face of the water, according to the nature of the structure, and 
the foundation is commenced upon it. 

402. It is important to observe, that, where such heavy masses 
are laid upon an untried soil, the structure should not be com- 
menced before the bed appears entirely to have settled ； nor even 
then, if there be any danger of further settling taking place from 
the additional weight of the structure. Should any doubts arise 
on this point, the bed should be loaded with a provisional weight, 
somewhat greater than that of the contemplated structure, and 
this weight may be gradually removed, if composed of other 
materials than those required for the structure, as the work pro- 
gresses. 

403. To give perfect security to foundations in running water, 
the soil around the bed must be protected to some extent from 
the action of the current. The most ordinary method of effect- 
ing this, is by throwing in loose masses of broken stone of suffi- 
cieot size to resist the force of the current. This method wiU 
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med ； it presents equal stability vith the former with a smsDei 
Wnme. 

When foimdftticn has to reust only a vertical pressure, an 
emial batter is given to it on each side ； but if tt has to resist alsc 
I lateral effort, the spread should be greater on the side opposed 
to this effort, in order to resist iw tendency, which would be to 
ranae a yieldiog on tb^ side. 

408. The boUnn course' of the foundations is usually fonned 
if the latest jized blocks, roughly dressed off with the Dammer ； 
' ' '-' blocks an 

sr &e bot- 

e small blocks can be firmly settled, by 
)ed， which 




into close contact with t, 
sized blocks, particularly if t) 
ne. The next course aoove xi 
large blocks, to bind in a firm manner th 
:tom course, aitd to difiiise tlie weight r 



bottom 
smaller 



Vhea a foundation for a structure rests on isolated sup- 
！ the pillars, or cohimns of an edifice, an inverted or 
counUr-arck, (Fig. 28,) should connect the top course of the 
fnindation under the base of each isolated support, bo that the 
sssuie on any two adjacent odsb may be distributed oTCr the 
d of the fouitdalioD in the interval between them. This precau- 
isly necessary only in compreBBibte soils. In incom 
8 It would be alone requisite to carry up the courses 
■h support with great care, to present a 
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fonnlv throughout the foundation, to pixvent unequd lettliirg if 
the mass. 

The stones of the top course of the foundation shoii ： be snffi 
I ciently large to allow tne course of the superstructure next ab『 
to rest on the exterior stones of the top course. 

411. Hydraulic, mortar should be used for the foundations 
and die upper courses of the structure should not be commencec 
until the mortar has partially set throughout the entire found 、 
tion. 

412. Component parts of Structures of Masonry These m \ ' 
be divided into several classes, according to the efforts they 8u& 
tain ； their forms and dimensions depending on these efforts. 

Ist. Those which sustain only their own weight, and are no 
liable to any cross strain upon the blocks of which they ar 
formed, as the walls of enclosures. 

2d. Those which, besides their own weight, sustain & verdca 
pressure arising from a weight borne by them, as the walls of ed! 
ncesy columns, the piers of arches, &c. 

3d. Those which sustain lateral pressures, and cross strair 
upon the blocks, arising from the action of earth, water, frames 
or arches. 

4th. Those which sustain a vertical upward, or downward 
pressure, and a cross strain, as areas, lintels, &c. 

5th. Those which transfer the pressure they directly receive 
to lateral points of support, as arches. 

413. Walls of Enclosures. Walls for these purposes may be 
built of brick, rubble, or dry stone. 

Brick walls are usually built vertically upon the two faces ； 
their thickness cannot be less than that of one brick. A wall of 
one brick and a half thick will serve for any length, provided the 
height be not over 15 or 20 feet. 

Rubble stone walls should never receive a thickness less than 
. 18 inches when the two faces are vertical. Roiidelet, in his work 
FArt de B&tir, lays down a rule that the mean thickness of both 
rubble and brick walls should be 。《 their height. 

Dry stone walls should not receive a less thickness than two 
feet. When their height exceeds 12 feet, their mean thickness 
should be + of the height. 

Stone walls are usually built with sloping faces. The batter 
should not be greater, when the stones are cemented with mor- 
tar, than one base to six perpendicular, in order that the rain may 
run rapidly from the surface, and that the wall be not too much 
exposed to decay from the germination of seeds which may lodge 
in the joints. 

The batter is arranged either by building the wall in offsets 
from top to bottom, or by a uniform surface. In either case, the 
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dncknefls of the wall at top should not be less than fxom 8 to 18 
inches. 

When a wall is built with an equal batter on each face, and tha 
thickness at the top and the mean thickness are fixed, the base of 
the toall, or its thicKness at the bottcnn, will be found by subtract- 
ing the thickness at top from twice the mean thickness. This 
rule evidently makes the batter of the wall depend upon the two 
preceding dimensions. 

The mean thickness of long walls may be advantageously 
diminished by placing counterforts, or buttresses, upon each face 
at equal distances along the line of the wall. These are spurs 
of masonry projecting some lencth from the wall, and are firmly 
connected with it by a suitable bond. The horizontal section of 
the counterforts may be rectangular ； their height should be the 
same as that of the waD. 

In rubble wall the counterforts may be made of hammered, or 
cut stone. In addition to this means of strengthening walls, hori- 
zontal courses, or chains of dressed stone may be advantageously 
used from distance to distance, from the bottom of the wall up- 
ward. 

414. Vertical Supports. These consist of walls, columns, or 
pillars, according to circumstances. The dimensions of the 
courses of masomy which compose the supports should be regu- 
lated by the weignt borne. If, as in the walls of edifices, the 
resultant of the efforts sustained by the wall should not be verti- 
cal, it must not intersect the base of the wall so near the opter 
edge, that the stone forming the lowest course would be in danger 
of being crushed. 、 

In broad enclosed spaces covered at top, the dimensions of the 
wall may be calculated as in the case of ordinary enclosures, and 
the dimenBions thus obtained be increased in proportion to the 
weight to be borne. 

Cross walls between the exterior walls, as the partition walla . 
of edifices, should be regarded as counterforts which strengthen 
the main walls. 

415. Areas. The term area is applied to a mass of masonry, 
usually of a uniform thickness, laid over the ground enclosed by 
the foundations of walls. It seldom happens that areas have an 



case of the bottoms of cellars in communication with a head of 
water which causes an upward pressure, the thickness and ar- 
rangement of the area should be regulated to resist this pressure. 
When the pressure is considerable, an area of uniform thickness 
may not be sufficiently strong to ensure safety ； in this case an 
inverted arch must be used. 
416. Retaining, or Sustaining Walls. These terms are ap 
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pliea iO Walls which sustain a lateral pressure from an emoank 
ment, or a head of water. 

417. Retaining walls may yield by sliding either along the 
base of the foundation courses, or along one of the horizontal 

I'oints, or by rotation about the exterior edge of some one of tlia 
lorizontal joints. 

418. The determination of the form and dimensions of a re 
tainiii^ wall for an embankment of earth is a problem of consider* 
able intricacy, and the matheicatical solutions which have been 
given of it have generally been confined to particular cases, for 
which approximate results alone have been obtained ； these, how- 
ever, present sufficient accuracy for all practical purposes within 
the limits to which the solutions are applicable. Among the many 
solutions of this problem, those given by M. Poncelet of the Corps 
of French Militiairy Engineers, in a Memoir on this subject, pub- 
lished in the Memorial de V Off icier du G 仑 nie, No. 10, present 
a degree of research and completeness which peculiarly charac- 
terize all the writings of this gentleman, and have ^ven to his 
productions a claim to the fullest confidence of practical men. 

The following formula, applicable to cases of rotation about the 
exterior edge of the lowest norizontal joint, are taken from the 
memoir above cited. 

Calling H, the height BC (Fig. 29) of a wall of uniform thick- 
ness, the face and back being rertical. 
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the mean height CG of the embankment, retained by the wall, 

above the top of the wall, 
c, the berm Di, or distance between the foot of the embanknijeni 

and the outer edge of the top of the wall. ' 
a, the angle between the line of the natural slope BN of the eartli 

of the embankment and the vertical BG. 
f = cot. a, the co-efficient of friction of the earth of the embank 

meiit. 
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9, the weight of a cubic foot of the earth. 

It", the weight of a cubic foot of the masonry of the wall. 

b、 the base AB, or thickness of the wall at bottom. 

Then, 

6=0.74 tan. «a (A+1.1 26H) + 0.0488A 一 0.56c tan. a 

一 5) 、i - 。• 幼)' 

The above formula gives the value of the base of a wall with 
reitical faces, within a near desree of approxilhation to the true 
result, only when the values of the quantities which enter into it 
are confined within certain limits. These limits are as follows : 
for between and H ； c, between and jH ； f、 between 0.6 
and 1.4, which correspond to values of a of 70° and 36®, being 
in the one case the angle which the line of the natural slope oi 
veiy fine dry sand assumes, and in the other of heavy clayey 
earth : and tor w, between w', and jw'. Besides these limits, 
the formula also rests on the assumption that the excess of stabil- 
ity of the wall over that of a strict equilibrium is represented by 
0.912 ； or, in other words, that the moment of the pressure against 
the wall is taken 0.912 ^eater than the moment of strict equi- 
librium between it and the wall. This excess of stability given 
to the wall supposes an excess of resistance above the pressure 
against it equal to what obtains in the retaining walls of Vauban, 
for fortifications which have now stood the test of more than a 
century with security. 

419. Having by the preceding formula calculated the value of 
b for a vertical wall, the base b' of another wall, presenting equal 
stability, but having a batter on the face, the back being vertical, 



Fig. 30— Rapments a nctkn O of • letaininc will wftll 

a sloping face AD. 
P, McUon of the embanknMat. 



which is the usual form of the cross section of retaining walltf 
can be calculated from the following notation and formula. 
CaDing (Fig. 30) V the base of the sloping wall. 
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n = the batter, or ratio of she base of the skpe o the per 

pendicular, or height of the wa J. 
Then, 

420. With regard to slidinj^ either on the base of the founda 
lion courses, or on the bed of any of the horizontal joints of the 
wall, M. Poncelet shows, in the memoir cited, by a comparison 
of the results obtained from calculations made under the suppo- 
sitions both of rotation and sliding, that no danger need be appre- 
hended from the latter, when the dimensions are calculated to 
conform to the former, so long as the limits of h are taken between 
and 4H ； particularly if the precaution be taken to allow the 
mortar of the masonry to set firmly before forming the embank- 
ment behind the wall. 

421. Form of Section of Retaining Walls. Retaining walls 
have been built with a variety of forms of cross section. The more 
usual foirm of cross section is that in which the back of the wall 
i« built vertically, and the face with a batter varying between one 
base to sixperpendicular, and one base to twenty-four perpen- 
dicular. The former limit having been adopted, for the reasons 
already assigned, to secure the joints from the effects of weather ； 
and the latter because a wall having a face more nearly vertical, 
is liable in time to yield to the effects of the pressure, and lean 
forwards 

422. The most advantageous form of cross section for econo- 
my of masonry is the one (Fig. 31) termed a leaning retaining 




wall. The counter slope, or reversed batter of the back of the 
wall, should not be less than six perpendicular to ong base. In 
this case strength requires that the perpendicular let fall from the 
centre of gravity of the section upon the base, should fall so far 
within the inner edge of the base, that the stone of the bottom 



conne of the foundation may present Buffident surface t 
433. Walls widi a c 



433. Walls wiUi a curved baiter (Fig. 33) both upon the bea 
and back, have been used in finglutd, by aoau enginffin, fot 
quays. They pment no pecoliar adTantages in strength over 
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from 15 to 18 feet from centre to centra along the back the 
wall, according to the strength required. 

428. In adding counterforts to walls, the practice has generallv 
been to regard them only as giving additional stabiliiy to the wall, 
and not as a means of diminiamng its voliune of masoniy of 
which the addition of the counterforts ought to admit. Considered 
in this last point of Tiew, the problem &r determining both tba 
foitable dimonsioiu o£ the counterforts and the thickness of tlw 
corresponding wall, is one of Tery ccmidenble matbematical 
diflSauty, vrhtme m^mi mnst repose upon asnunptKHU nude tf 
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to the manner in which the portions of the wall between the 
counterforto would be likely to yield to the pressure upon them, 
the support which they receive from the two counterforts at their 
extremities^ and the stability which the counterforts, add to the 
entire system in preventing rotation. 

429. ReKeviTig Arches are so termed from theur preventing a 
portion of the embankment from resting against the back of uie 
wall, and thus relieving it from a part of the pressure. They 
consist (Fig. 34) of one or more tiers of brick arches built upon 
counterforts, which act as the piers of the arches. 



M N 




Fig. 34— Reiiroaeiits a sectkm M and an etc 
vation N of a wall and relievmg arohes ix 
three tien. 

A, section of the wall. 

c、 c、 c, sectioDB of the arches through their 
crowra. 

dt d, interior eleyations of coimterfortB senr- 

ing as piers ef the arches, 
e, e, mterior end elevations of aichfls. 




In arranging a combination of relieving arches and their piers, 
the latter. Eke ardinary c。unterforto, are placed about 18 feet 
between their centre lines ； their length should be so re^« 
that the earth behind them resting on the arches, and falling 
ler them with the natural slope, shall not reach the wall be- 

The thickness of the arches, as well as that of the counterforts, 
will depend upon the weight which the arches sustain. The 
dimensions of the wall will be regulated by the decreased pres 
sure against it caused by the action of the arches, and the point 
at which this pressure acts. 

430. Whenever it becomes necessary to form the embankment 
before the mortar of the retaining wall has had time to set firmly, 
various expedients may be employed to relieve the wall from the 
pressure which the embankment, if formed of loose earth, would 
throw upon it. The portion of the embankment next to the wall 
may be of a compact binding earth placed in layers inclining 
downward from the back of the wall, and well rammed ； or of a 
stiff mortar made either of clay, or sand, with about j\th in bulk 
of lime. Instead of bringing the embankment directly against 
the back of the wall, dry stone, or fascines may be laid in to a 
niitable depth back from the wall for the same purpose. The 
precaution, however, of allowing the mortar to set firmly before 
onnuig the embankment, shouldnocrbe omitted except m cases 
«f extreme urgency, and then the bond of the masoniy should be 
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unanged with peculiar care, to prevent disjonction akxLg aBy.ol 
the horizontal joints. 

431. Walls built to sustain a pressure of water shoukl be 
luted in form and dimeitfions like the retaininff wall* of emi 
ments. The problem in this case is one of le8» difficult tl 
in the other, from the greater eimpUcity of the mathematii 
formula for the pressure of wnter. The buoyant effort of the 
water must be taken into account id thia calculation^ whenever the 
masonry is so placed as to be partially immersed in the vrater. 

432. Heavy walls, and even those erf ordinary dimeiisionB, 
when exposed to moisture, should be laid in hymraulic mortar. 
Gr&at has been tried in laying heavy rabble walls, but with de- 
cided want of success, the successive drenchings of the stone 
causing the sand to separate from the lime, learing when dry a 
weak porous mortar. When the stone i, laid i 逢 fuU mortar, grout 
may be used with advantage over each courte, to fill any Toids 
left in the mass. 

433. Beton has frequently been used as a filling between the 
back and facing of water-tight walls ； it presents no advantage 
over walls of cut, or rubble stone laid in hydraulic mortar, and 
causes unequal settling in the parts, unless great care is taken in 
the construction • 

434. When a weight, arising bom a mass of maaoniy or eaitb, 
rests upon two or more isolated suppons, that portion of it which 
is distributed over the space, or bearing between any two of the 
supports, may be borne by a block of stone, termed a lintel, kid 
horizontally upon the supports, by a combination of blocks termed 
a plate*bandej so arranged as to resisty without disjimctioii, the 
pressure upon them ; or by an arch. 

435. Lintel. Owing to the slight resistance of stone to a cioM 
strain, and to shocks, lintels of ordinary dimensions cannot be 
used alone with safety, for bearingn over six feet. For wider 
bearings, a slight brick arch is thrctwn across the bearing above 
the lintel, and thus relieves it from the pressure of the parts 

436. PlateJyande. The plate-bande is a combination of blocks 
cut in the form of truncated wedges. From the form of the 
blocks, the pressure thrown upon uem causes a lateral pressiue 
which mast be sustained either by the supports, or by some other 
anrangement, (Fiff. 35.) 

The plate-bande should be used only for nanow bearinffs, aa 
the upper edges of the blocks at the acute anj^es aie Uable to 
>Iinter from the pressure. If the bearing exceeds 10 feet, the 
late-bande Bhould be relieved from the pressure by a brick arch 
boye it. Additional means of strengthening the plate-bande an 
omeumes used by fonning a broken joint between the blocks^ or 



bf 1 projecliaa made on the fiice of one block to fifinto a cor- 
n^M^^in^ indent in dw viliRcent one, or by connecting the blodn 




any cause, the supports cannot be made raffi- 
y naisl the lateral preuure of the plate-bande, the 
mast be united by att iron bar, termed b tie, Buit- 

yielding. 
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extreme supports are termed the abutments, the inteimediate mip> 
ports whicn sustain the intermediate arches and the halves of tna 
two extreme ones are termed piers. When the size of the aiche* 
is the same, and their springing lines are in the same horizontal 
plane, the piers receive no other pressure but that arising from 
the weight of the arches. 

440. Arches are classified, from the form of the soffit, into 
cylindrical^ conical, conaidal, warped annular, groined^ clois- 
tered, and dames. They are also termed right, oblique, or askew, 
and rampant^ from their direction with respect to a vertical, or 
horizontal plane. 

441. Cylindrical Arch. This is the most usual and the sim- 
plest form of arch. The soffit consists of a portion of a cylindri- 
cal surface. When the section of the cylinder perpendicular to 
the axis of the arch, termed a right section, c«t8 from the surface 
a semi-circle^ the arch is termed a fuU centre arch ； when the 
section is an arc less than a semi-circle, it is termed a segment 
arch ； when the section gives a semi-ellipse^ it is termed an 
elliptical arch ； when the section gives a curve resembling a 
semi-ellipse, formed of arcs of circles tangent to each other, the 
arch is termed an oval, (Fig. 37,) or basket handle^ and ii called 
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a curve of three. Jive, &c. centres^ according to the number oi 
arcs, which must be odd to obtain a curve symmetrical with 
respect to the vertical line bisecting it ； when the section is that 
of two arcs of circles intersecting at the middle point of the curve, 
it is termed a pointed, or an oStuse or surbased orcA, (Figs. 38 
and 39,) according as the angle between the arcs at their inter* 
section is acute, or obtuse. 

A cylindrical arch is denominated a right arch when it is ter* 
minated by two planes, termed the heads of the arch, perpenlicu 
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kr to the axis of the arch ； oblique, or askew, when the heads 
ire oblique to the axis ； and rampant when the axis of the arch 
is cbliqae to the horizontal plane. 




Fiff. 38— Repreeente the half of 奠 pointed 
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442. The chord of the cunre of right section (see Fig. 36) it 
termed the span of the arch, its versed sine the rise of me arch. 
When the heads of the arch are oblique to the axis, the chord of 
the oblique section made by the plane of the heads is termed the 
span of the askew section. The lines of the soffit corresponding 
to the extremities of the span are termed the springing lines of 
the arch ； the top portion, or line of the soffit, is termed the 

The tc ) stone of the crown the key stone. The line 
through the middle point of the span at the extremities of 
； h, is termed the axis of the arch* 

443. The form of right section will depend upon the puiposes 
wnich the arch is to serve, the locality, and the st^Ie of architec- 
ture employed. When the rise is less than hali the span, the 
arch is weaker than in either the full centre, or where the rise ii 

♦ See Note Appendix, 
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greater than half the span. The methods of ijescxibing the rmouM 
curres of right section will be explained in die Appendix. 

444. The same general principle is followed id ajrrangiQg the 
joints and bond of the masonry of arches, as in other structures 
of cut stone. The surfaces of the joints should be normal to the 
surface of the soffit, and the surfaces of any two systems ofjoints 
should be normal to each other at their lines of intersection. These 
conditions, with respect to the joints, will be satisfied by tracing 
upon the soffit its lines of least and greatest curvature, and taking 
the edges of one series of jointa to correspond with one of these 
systems of lines, and the edges of the other series with the other 
system, the surfaces of the joints being formed by the surfaces 
normal to the soffit along the respective 力 nes in Question. When- 
ever the surface of the soffit belongs to any of the families ot 
geometrical surfaces, the joints will be thus either plane, or de- 
Telopable surfaces. In the cylindrical arch, for example, the 
edges of one series of joints will correspond to the elements of 
the cylindrical surface, while those of the other will correspond 
to the curves of right section, the former answering to the line 
of least, and the latter of greatest curvature. The surfaces of 
the joints will all be plane surfaces, and, being normal to the 
soffit along the lines m question, will be normal also to each 
other. 

445. In full centre and segment arches, the voussoirs are 
usually made of the same breadth, estimated along the curve of 
right section. The planes of the joints of each course of tous 
soirs between the heads of the arch are made continuous, (see 
Fig. 36,) each of these courses being termed a string course, and 
their joints coursing joints. The pkmes of the joints along the 
curves of right section are not continuous, but break joints ； the 
stones which correspond to two consecutive series of these joints 
being termed a ring^ course^ and its joints heading joints. By 
this combination of the ring and suiiig courses, the fitting of die 
blocks, tbc settling of the courses, and the bond are arranged in 
the best manner. « 

446. In the other forms of right sectioa of cylindrical arches, 
it may not in many cases, he practicable to give the voussoixs 
the ^isne b^adth, owing to the yaiiable curvature of the right sec 
tian ； but the same arrangement is followed for the ring and string 
courses. 

447. In oblique cylmdrical ai、lies, when the obliquity ifi but 
slight, "o change will be required in the arrangement of the 
courseif and joints ； but when the angle between the heads and 
the aji> is considerablv less than a nght angle, the ring courses 
" the enremities of the aivh would have what is termed a/alse 
bearinf^ liiat ia, the pressure upon their coursing joints would 
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ana therefore is inapplicable to brick arches. The 
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449. Cylindrical, groined, and cloistered arches are formed by 
I of two or more cylindiical arches. The apan 
tie rise is the same in each. 
pUne, and they may 



intersect under any aiwlt 
Tbo groined arch (Fig 



ig. 42) is fimned by niDoving those por- 
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•dges of the correspond'ng course of youssoirs in each arch are 
placed in the same plane parallel to that of the axes of the c^lin- 

M 




Fifr. 43— Repmenti • nctioo MM the ytvmoin and 
an elevation of the soffit of a oloifltered arch with 
N of the soffit 



A, A， TOUBBfMXB. 

mn, edge of coiusingiomt. 
0, 0, edges of headioff joints 

B, B, abutments of the aiohML 
ocfr. cuire of the groixL 

C, C, groin stones of one blook. 



den. The portions of the soffit in each cylinder, corresponding 
to each course of youssoirs, which form either the groin m the 
one case, or the re-entering angle in the other, are cut from a 
tingle stone, to present no joint along the common intersection of 
the arches, and to give them a firmer bond. 

451 • Conical arches are of rare application. When used, the 
same general principles with respect to the joints and bond apply 
to them. The surfaces of one set of joints will be planespaBsed 
through the elements of the cone and normal to the soffit ； the 
other will be conical, or other surfaces, likewise normal to the 
soffit and passing through the curves of least curvature. 

452. When the spans at the two ends of an arch are unequal, 
but the rise is the same, then the soffit of the arch is made of a 
conoidal surface. The curves of nshx section at the two ends 
may be of any figure, but are usually taken from some variety 
of tne elliptical, or oval curves. The soffit is formed by moving 
a line upon the two curves, and parallel to the plane containing 
their spans. 

The conoidal arch belongs to the class with warped soffits. A 
variety of warped suifaces may be used for soffits according to 
circumstances ； the joints and the bond depending on the gener- 
ation of the surface. 

453. In airanging the joints in conoidal arches, the heading 
joints are contained in planes perpendicular to the axis of the 
cich. The coursing joints are also formed of plane surfacieB, so 
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ranged that the portion of the joint correspotiding to each Ueek 
it focmed by a plaae normal to the conokl at the middle, poiol of. 
the lower edge of the block. In this way the joints of the string 
course will not be formed of continuous surfaces. To make 
thefn 80, it would be necessary to give them the form of warped 
surfaces, which present more difficulty in . their mechanical exe- 
cution, and not sufficient advantages oyer the method just ex* 
plained to compensate for having them continuous. 

454. The annular arch is formed by revolving the plane of a 
semi^circle, or semi-OTal, or other curve, about a. line drawn with- 
out, the figure and parallel to the rise of the arch, (Fig. 44.) One 
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series of joints in this arch will be formed by conical smfaces 
passing through the inner edges of the stones which correspond 
to the string courses ； and the other series will be planes passed 
through the axis about which the seini«ci)rcle is revolved. Thii 
last series should break joints with each other. 
465. The soffit of a dome is usually formed by reTc^ying the 

auadrant of one of the usual curves of cylindrical arches around 
le rise of the cunre ； or else by revolving the semi-curve about 
the line of the span, and taking the half of the surface thus gen 
erated for the soffit of the domev In the first of these cases the 
horizontal section of the dome at the springing line wiU be a cir- 
cle ； in the second the entire curve of the Benii-curve by which 
the soffit is ffenerated. The plan of domes may also be of regu- 
kr pdygonau figuree ♦ in whicn case the soffit mil be a polygozial- 
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456. The voussoin which form the nng course of the heads, 
m ordinary cylindrical arches, are usually terminated by plane 
surfaces at top and on the sides, for the purpose of connecting 
them with the norizontal courses of the head which lie above and 
on each side of the arch, (Figs. 46 and 47.) This connection 



Fig. 46— Represents a manner of connecting th6 yonMiBi 

and horizontal oounes in nn oval aieh. 
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Fig. 47— ReprenntB a mode of amngiiis the Tonaoin 
and horhBoatal coanes in flat segment archen 



y be arranged m a variety of ways. The two porntfl to be 
in view are, to form a good bona between the vounoirs and 
izontal courses, and to give a pleanng architectural effect by 
axrangement. This connection shomd always give a sym* 
metrical appearance to the halves of the structure on each side 
of the crown. To effect these aeveral objects it may be neces* 
saiy, in cases of oval arches, to make the breadth of the voussoirt 
jaequal, diminishing usually those near th& springing lines. 

457. In small arches the voussoirs near the springing line sxn 
•o cut as to form a part also of the horizontal course, (see Fig. 
4tift) forming what is termed an dbow joint. This plan ir objeo 
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tionable, both because there is a waste of material in forming 
a joint of this kind, and the stone is liable to crack when the 
arch settles. 

458. The forms and dimensions of the vouBSoirs should be de- 
termined both by geometrical drawings and numerical calcula 
tion, whenever the arch is important, or presents any complication 
of form. The drawings should, in the first place, be made to a 
scale sufficiently large to determine the parts with accuracy, and 
from these, pattern drawing giving the parts in their true size 
may be made for the use of the mason. To make the pattern 
drawings, the side of a vertical wall, or a firm horizontal area 
may be prepared, with a thin coatinff of mortar, to receive a thin 
smooth coat of plastei of Paris. Tne drawing may be made on 
this surface in tne usual manner, by describing the curve either 
by points from its calculated abscissas and ordinates, or, where 
it is formed of circular arcs, by using the ordinary instrument for 
describing such arcs when the centres fall within the limits of the 
prepared surface. In ovals the positions of the extreme radr 
should be accurately drawn either from calculation, or construe- 
tioiL To construct the intermediate normals, whenever the cen- 
tres of the arcs do not fall on the surface, an arc with a chord of 
about one foot, may be set off on each side of the point through 
which the normal is to be drawn, and the chord of the whole arc^ 
thus set off, be bisected by a perpendicular. This construction 
will generally give a sufi^ciently accurate practical result for 
elliptical and omer curves of a large size. ' 

459. The masonry of arches may be either oiF dressed stone, 
rubble, or brick. . 

In wide spans, particularly for oval and other flat arches, cut 
stone should alone be used. The joints should be dressed with 
extreme accuracy. As the voussoirB have to be supported by a 
framing of timber, termed a centre^ untH the arch is completed, 
and as this structure is liable to yield, both from the elasticity of 
the materials and the number of joints in the frame, an allowance 
for the settling in the arch, arising from these causes, is soD»e- 
times made, in cutting the joints of the voussoirs false, that is, 
not according to the true position of the normal, but from the 
iupposed position the joints will take when the arch has settled 
thoroughly. The object of this is to bring the surfaces of the 
joints into perfect contact when the arch has assumed its penoa- 
nent state of equilibrium, and thus prevent the voussoirs from 
breaking by unequal pressures on tneir coursing joints. Th^s 
18 a problem of confliaerable difficulty, and it will generally be 
better to cut the joints true, and ffuaxd against settling and its 
effects by ^ving ereat stiffness to the centres, and by placing be- 
tween the joints of those voussoirs, where the principal moYemen^ 
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kid in layen^ and well nunmed with the inual precautioAB for 
obuuninff a solid homogoneoas mass. 

466* rhe cUfficuhy of forming water*tight capping^ of xnason* 
ry has led engineers, within a few years back, to try a coating of 
asphalte upon the surfkce of beton. Tl^e suiface of the baton 
capping is made uniform and smooth by the trowel, or float, and 
the mass is allowed to become thorougmy :jy before the asphalte 
is laid. Asphalte is usually laid on in twc layers. Before apply* 
iilg the first, the surface of the beton should be thoroughly 
cleimsed of dust, and receive a coating of mineial tar applied hot 
with a swab. This application of hot mineral tar is said to pre- 
vent the formation of air bubbles in the layers of asphalte wmch, 
when present, permit the water to percolate thrpugh the masonry. 
The first layer of asphalte is laid on in squares, or thin blocks^ 
care being taken to form a perfect union between the edges of 
the squa^esby pouring the hot liquid along them in forming each 
new one. Trie surface of the first layer is made uniform, and 
nibbed until it becomes smooth and hwf with an ordinary wooden 
float. In laying the second layer, the same precautions are taken 
as for the first, the squares breaking joints with those of the first. 
Fine sand is strewed over the surface of the top layer, and pressed 
into the asphalte before it becomes hard. 

Coverings of asphahe have been used both in Europe and in 
our military structures for some years back with decided success. 
There have been failures, in some instances, arising in all prob- 
ability either from using a bad material, or from some fault of 
workmanship. 

467. In a range of arches, like those of bridges, or casemates, 
the capping of each arch is shaped with two inclined surfaces, 
like a common roof. The bottom of these surfaces, by their 
junction, form gutters where the water collects, and from which 
It is conveyed off in conduits, formed either of iron pipes, or of 
Tertical openiDgs made through the masonry of the piers which 
communicate with horieontal covered drains. A small arch of 
sufficient width to admit a man to examine its interior, or a square 
culyert, is formed over the gutter. When the spaces between the 
head walls above the capping is filled in with earth, a series of 
drains running from the top, or ridge of the capping, and leading 
mto the main gutter drain, should be fonned of brick. They 
may be best made by using dry brick laid fiat, and with interrals 
left for the drains, these being covered by other courses of dry 
brick with the joints in some degree open. The earth is filled in 
upon the upper course of bricks, whicn Bhould be so laid as to 
fonn a uniiorm surface. 

. 468. When the space above the capping is not filled in with » 
iiolid mass, for the purpose of receiving the freight borne by tht 
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outward. In pointed arches, or those in which the rise is greatei 




Fie. Oft— Bepresents the manner In which flat arclies yield 
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than the half span, the tendency to yielding is, in some cases, 
different ； here 仏 e lower parts may fall inward, (Fig. 63,) and 
thrust upward and outward the parts near the crown. , 




FIf. 66— BopT«Mnts tba maimer la wbioih pointed arehat 
majr yield. 
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470. From this movement in arches a presenre arises a^inst 
the key stone, termed the horisontal tnrwt of the arch, the 
tendency of which is to crufih the stone at the key, and to over- 
turn the abutments of the arch, causing them to rotate about 
the exterior edge of some one of their norizontal joints. 

471. The joints of mptnre below the key stone varjr in arch- 
es of different forms, and in the same arch with the weight it bub- 
taina. From experiments, it appears that in full centre arches 
the joints in question make an an^le of about 27° with the 
horizon ； in segment arches of arcs less than 120° they are at 
the springing fines ； and in oval arches of three fientres they are 
found about the angle of 45* of the small arc which forms the 
extremity of the curve at the springing line. 

472. Tjie calculation of the joints of rujjture, the consequent 
horizontal thrust, and its effects in crashing the stone at the 
key and in overturning the abutment are problems of conside- 
rable mathematical intricacy. When the joints of rupture are 

； iven the problem assumes a more simple form, being one of 
itical equilibrium between the moments of the horizontal 
»t ana the weight of the arch and its abutments, 
le problem for finding the joints of mptnre by calculation, 
and the conBeqnent thic&iess of the abutments necessary to 
preserve the arch from yielding, has been solved by a ntunber 
of writers on the theory of the equilibrium of arches, and tables 
for effecting the necessanr numerical calculations have been 
drawn im rrom their results to abridge the labor in each case. 

478. The connection between the top of the abutment, term- 
ed the impost of the arch, and the bottom conrsee of the arch| 
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bquity is considerable, it may be necessary to increase the thick 
ness of a portion of each abutment where there is the gieatea 
pressure. 

In conical and conoidal arches the abutments will in like man 
ner nrj in dimensioiis with the apan. 

475. In cloistered archej the abutments will be less than ir an 
ordinary cylindrical arch of the same lenffth; and in groined 
LTches, in calculating the resistance offered by the abutments^ 
the counter resistance offered by the weight of one portion in 
resisting the thrust of the other, must be taken into consideration. 

476. When abutments, as in the case of edifices, require to be 
of considerable heigh" and therefore would demand extraordinary 
ihicknessy if used alone to sustain the thrust of the arch, they may 
be strengthened by the addition to their weight made in carrying 
them up above the imposts like the battlements and pinnacles in 
Gothic architecture ； by adding to them ordinary, full, or arched 
buttresses, termed flying buttresses ； or by using ties of iron con- 
necting the voussoirs near the joints of rupture below the key 
stone. The employment of these different expedients, their forms 
and dimensions, will depeiid on the character of the structure 
and the kind of arch. The iron tie, for example, cannot be hid- 
den from view except in the plate-bande, or in very flat segment 
arches, and wherever its appearance would be unsightly some 
other expedient must be tried. 

Circular rings of iron have been used to strengthen the abut- 
ments of domes, by confining the lower courses of the dome and 
lelieving the abutment from the thrust 

477. When abutments sustain several arches above each other, 
like relieving arches in tiers, their dimensions must be calculated 
to sustain the united thrusts of the arches ； and the several por-» 
tioDs between each tier must be strong enough to resist the thrust 
of their corresponding arches. 

478. In a range of arches of unequal size, the piers will have 
to sustain a lateral pressure occasioned by the unequal horizontal 
thrust of the arches. In arranging the fonn and dimensions of 
the piers this inequality of thrust must be estimated for, taking 
also into consideration the position of the imposts of the unequcu 
■iches. 

479. Precautions against Settling. One of the most difficult 
tnd important problems in the construction of masonry, is that 
of preventing unequal settling in parts which require to be con- 
nected but sustain unequal weights, and the consequent rupturea 
In the masses arising from this cause. To obviate this dimculty 
requires on the part of the engineer no small degree of practical 
tact. Several precautions must be taken to diminish as far ai 
practicable the danger from unequal settling. Walls sustaining 
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heavy vertical pressures should be built up uniformly, and with 
great attention to the bond and correct fitting of the courses. The 
materials should be uniform in quality and size ； hydraulic mor- 
tar should alone be used ； and the permanent weight not be laid 
on the wall until the season after the masonry is laid. As a fkr- 
ther precaution, when practicable, a trial weight may be laid upon 
the wall before loading it with the pennanent one. 

Where the heads of arches are built into a wall, particulaily 
if they are designed to bear a heavy pennanent weight, as an 
embankment of earth, the wall should not be carrried yp higher 
than the imposts of the arches until the settling of the latter has 
reached its final term ； and as there will be danger of disjunction 
between the piers of the arches and the wall at the head, from 
the same cause, these should be carried up independently, but so 
arranged that their after-union may be conveniently effected. It 
would moreover be always well to suspend the building of the 
arches until the season following that in which the piers are 
finished, and not to place the permanent weight upon tne arches 
until the season following their completion. 

480. Pointing. The mortar in the joints near the surfaces of 
walls exposed to the weather should be of the best hydraulic 
lime, or cement, and as this part of the joint always requires to 
be carefully attended to, it is usually nlled, or as it is termed 
pointed^ some time after the other work is finished. The period 
at which pointing should be done is a disputed subject among 
builders, some preferring to point while the mortar in the joint is 
still fresh, or green^ and others not until it has become hard. 
The latter is the more usual and better plan. The mortar for 
pointing should be poor, that is, have rather an excess of sand ； 
the sand should be of a fine uniform grain, and but little water 
be used in tempering the mortar. Before applying the pointiiig, 
the joint shoulcL be well cleansed by scraping and brushing out 
the loose matter, and then be well moistened. The mortar is 
applied with a suitable tool for pressing it into the joint, and its 
surface is rubbed smooth with an iron tool. The practice among 
our military engineers is to use the ordinary tools for calking in 
applying pointing ； to calk the joint with the mortar in the usual 
wav, and to rub the surface of the pointing until it becomes hard. 
To' obtain pointing that will withstand the yicissitudes of our cli- 
mate is not the least of the difficulties of the builder's ait. The 
contraction and expansion of the stone either causes the pointing 
to crack, or else to separate from the stone, and the surface water 
penetrating into the cracks thus made, when acted upon by frost 
throws out the pointing. Some have tr'vd to meet tnis difficulty 
by giving the surface of the pointing such a shape, and so ar 
nuDging it with respect to the surfaces of the stooes fonning thf 
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pint; tliat the water shall trickle over the pointing without enter 
mg ihe cmck which is psually between the bed of the stone and 
ihe pointing. 

481. The term flash pointing is gometimes applied to a coat- 
ing of hydraulic mortar laid over the face, or back of a wall, tc 
preserve either the mortar joints, or the stone itself from the action 
of moisture, or the efiects of the atmosphere. Mortar for flash 
pointing should also be made poor, and when it is used as a stuc(k 
to protect masonry from atmospheric action, it should be made of 
coarse sand, and be applied in a single uniform coat over the sur- 
face, which should be prepared to receive the stucco by having 
the joints thoroughly cleansed from dust and loose mortar, and 
being well moisteneid. 

No pointing of mortar has been found to withstand the effects 
of weather in our climate on a long line of coping. Within a few 
years a pointing of asphalte has been tried on some of our mili- 
tary works, and has given thus far promise of a successful issue. 

482. Stucco exposed to weather is sometimes covered with 
paint, or other mixtures, to give it durability. Coal tar has been 
tried, but without success in our climate. M. Raucourt de 
Charleville, in his work TVait6 des Martiers, gives the following 
compositions for protecting exposed stuccoes, which he slates to 
succeed well in ail climates. For important work, three parts of 
linseed oil boiled with one sixth of its weight of litharge, and one 
part of wax. For common works, one part of linseed oil, one 
tenth of its weight of litharge, and two or three parts of resin. 

The surfaces must be thorouffhly dry before applying the 
compositions, which should be laid on hot with a brush. 

483. Repairs of Masonry. In effecting repairs in masonry, 
when new work is to be connected with old, the mortar of the old 
should be thoroughly cleaned off wherever it is injured along the 
surface where the junction is effected. The bond and other ar- 
rangements will depend upon the circumstances of the case ； the 
sunaces connected should be fitted as accurately as practicable, 
so that by ueing but little mort^, no disunion may take place 
from settUng. 

484. An expedient, very fertile in its applications to hydraulic 
constructions, nas been for some years in use among the French 
engineers, for stopping leaks in walls and renewing the beds of 
foundations which nave yielded, or have been otherwise removed 
by the action of water. It consists in injecting hydraulic cement 
»mo the parts to be filled, through holes driUea through the ma- 
sonry, by means of a strong syringe. The instruments used for 
this purpose (Fig. 55) are usually cylinders of wood, or of cast 
iron ； the bore uniform, except at the end which is terminated 
frith a Dozle tf the usual conical form ; the piflton is of wood 
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may be necessary to make small covered drains under them to 
coiiTey it off, and to place a stratum of loose stone between the 
sides of the foundations and the Burrounding earth to give it a 
free downward passage. 

Tt may be laia down as a maxim in building, that mortar which 
ifl exposed to the action of frost before it has set, will be so much 
damaged as to impair entirely its properties. This fact places in 
a stronger light wnat has already been remarked, on the necessity 
of laying the foundations and the structure resting on them in hy- 
draulic mortar, to a height of at least three feet above the ground , 
for, although the mortar of the foundations might be protected 
from the action of the frost by the earth around them, the parts 
immediately above would be exposed to it, and as those parts at- 
tract the moisture from the ground, the mortar, if of common 
lime, would not set in time to prevent the action of the frosts of 
winter. 

In heayy walls the mortar in the interior will usually be se- 
emed from the action of the frost, and masonry of this cnaracter 
might be carried on until freezing weather commences ； but still 
in all important works it will be by far the safer course to sus- 
pend the construction of masonry several weeks before the or- 
dinary period of frost. 

During the heats of summer, the mortar is injured by a too 
rapid drying. To prevent this the stone, or brick, should' be 
thoroughly moistened before being laid ； and afterwards, if the 
weather is very hot, the masonry should be kept wet until the 
mortar gives indications of setting. The top course should al- 
ways be well moistened by the workmen on quitting their work 
for any short period during very warm weather. 

The effects produced by a high or low temperature on mortal 
in a green state are similar. In the one case the freezing of the 
water prevents a union between the particles of the lime and 
sand ； and in the other the same arises from the water being 
rapidly evaporated. In both cases the mortar when it has set it 
weak and pulyerulent. 
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FRAMING 

487. Framing is the art of arranging beams of solid maUrlaii 
for the various purposes to which they are applied in structuies. 
A.frame is any arrangement of beams made tor sustaining strains. 

488. That branch of framing which relates to the combinations 
of beams of timber is denominated Carpentry. 

489. Timber and iron are the only materials in common use 
for frames, as they are equally suitable to resist the various 
strains to be met with in structures. Iron, independently of 
offering greater resistance to strains than timber, possesses the 
farther advantage of being susceptible of receiving the most suit- 
able forms for strength without injury to the material ； while tim- 
ber, if wrought into the best forms lor the object in view may, in 
some cases, be greatly injured in strength. 

490. The object to be attained in framing is to give, by a suit- 
able combination of beams, the requisite degree of strength and 
stiffness demanded by the character of the structure, united with 
a lightness and an economy of material of which an arrangement 
of a massive kind is not susceptible. To attain this end, the 
beams of the frame must be of such forms, and be so combined 
that they shall not only offer the greatest resistance to the efforts 
they may have' to sustain, but shall not change their relatiye po- 
sitions from the effect of these efforts. 

491. The forms of the beams will depend upon the kind ol 
material used, and the nature of the strain to which it may be 
subjected, whether of tension, compression, or a cross strain. 

492. The general shape given to the frame, and the combina 
tions of the beams for this purpose, will depend upon the objeci 
of the frame and the directions in which the efforts act upon it. 

In frames of timber, for example, the cross sections of eacu 
beam are generally uniform throughout, these sections being 
either circular, or rectangular, as these are the only simple forms 
which a beam can receive without injury to its strength. In 
frames of cast iron, each beam may be cast into the most suitable 
form for the strength required, and the economy of the material. 

493. In combining the beams, whatever may be the genera] 
shape of the frame, me parts which compose it must, as far as 

Eracticable, present triangular figures, each side of the triangles 
eing formea of a single beam ； the connection of the beams at 
the angular points, termed the ;'(nnte, being so airanged that no 
yieldii^ can take place. In all combinations, therefore, in which 
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he principal beams form polygonal figures, secondary beams 
must be added, either in the directions of the diagonal^ of the 
polygon, or so as to connect each pair of beams forming an angle 
of me polygon, for the purpose of preventing any change of form 
of the figure, and of giviiig the frame the requisite stifihess. 
rhese secondary pieces receive the general appellation of braces* 
When they sustain a strain of compression they are termed struts; 
when one of extension, ties. 

494. As <me of the objects of a frsmh is to transmit the strain 
It directly receives to firm points of support, the beams of which 
it is formed should be so combined that this may be done in the 
way which shall have the least tendency to change the shape of 
the frame, and to fracture the beams. These conditions will 
be best satisfied by giving the principal beams of the frame a 
position such that the strains tney receive shall be transmitted 
through the axes of the beams to the fixed supports ； in this man- 
ner there can be no tendency to change the shape of the frame, ex- 
cept so far as this may arise from the contractions, or elongations 
of the beams, caused by the strains ； and as all unnecessary 
transversal strains will in like manner be avoided, the resistances 
offered bv the beams will be the greatest practicable. 

495. Whenever these conditions cannot be satisfied, the strains 
un the frame should be so combined that those which are not 
transmitted to the points of support shall balance, or destroy each 
other ； and those beams whicn, from being subjected to a cross 
strain, mi^t be either in danger of rupture, or oi being deflected 
to so great a degree as to injure the stabili— of the fre^me, should 
be supported by struts abutting either against fixed supports, or 
against points of the frame where the pressure thrown upon the 
strut would have no effect in changing the shape of the frame. 

496. The points of support of a frame may be either above, or 
below it. In the first case, the frame will consist of a suspended 
system, in which the pofygon will assume a position of stable 
equilibrium, its sides being subjected to a strain of extension. In 
the second case the frame, if of a polygonal form, must satisfy 
the essential conditions already enumerated, in order that its state 
of equilibrium shall be stable. 

497. The stren^ of the frame and that of its parts, and their 
consequent dimensions, must be regulated by the strains to which 
they are subjected. When the form of the frame and the direc- 
lion and amount of the strain borne by it are given, the direction 
and amount of the strain which the different parts sustain can be 
ascertained by the ordinary laws of statics, and, from these data, 
the requisite dimensions and forms of the parts. 

498. The object of the structure will necessarily decide the 
general shape of the frame, as well as the direction oi the strainf 
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to which it will be subjected. An examination, therefore, of tht 
frames adapted to some of the more usual structures will be the 
best course for illustrating both the preceding general principles 
and the more ordinary combinations of the beams and joints. 

499. Frames of Timber. These are composed either entirely 
of straiffht beams, or of & combination of straight beams and of 
arches iormed by bending straight beams. 

Pieces of crooked timber are used either where the form of the 
parte requires them, or else where a strong connection is necessary 
between straight pieces that form an an^e between them. 

600. As has already been stated, the cross section of each 
beam is generally uniform and rectangular. This will, in some 
cases, give more strength than the character of the strain resisted 
may demand ； and will, sdso, throw a greater amount of pressure 
on the points of support, than if beams of a form more strictly 
adapted to the object in view were used : but it avoids cutting 
the fibres across the grain, or making, as it is termed, ffrain-cut 
beams, and thereby materially injuring the strength of tne piece. 
This objection, however, is only applicable to the parts of a frame 
formed of single beams. Wherever several thicknesses of beams 
are required in the arrangement of any part, the advantage may 
be taken of giving the combination the most suitable form for 
strength and lightness combined. 

501. Frames for Cross Strains. The parts of a frame which 
receive a cross strain may be horizontal, as the beams, or joists of 
a floor; or inclined, as the beams, or rafters which form the inclined 
sides of the frame of a roof. The pressure producing the cross 
strain may either be uniformly distributed over the beams, as in 
the cases just cited, arising from the flooring boards in the one 
case, and the roof covering in the other ； or it may act only at one 
point, as in the case of a weight laid upon the beam. 

In all of these cases the extremities of the beam must be fiimly 
fixed against immoveable points of support ； the longer side oi 
the rectangular section of tne beam should be parallel to the d" 
rection of the strain, on account of placing the oeam in the best 
position for strength. 

If the distance between the points of suppcurty or the bearing, 
be not great, the framing may consist simpty of a row of parallel 
beams of such dimensions, and placed so far asunder as the strain 
borne may require. When the beams are narrow, or the depth 




of the rectangle considerably greater than the breadth, (Fig. 56 
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dunt struts of battens may be placed at intervals betuveen JMxk 
pair of beams, in a diagonal direction, uniting the bottom of the 
one with the top ctf the other, to prevent the beams from twisting, 
or yielding laterally. • 

When uie bearing and strain are so creat that a single beam 
will pot present sumcient strength ana stiffiiessy a combination 
of beams, termed a buUt beam, which may be solid, consisting 
of several layers of timber laiS in juxtaposition, and firmly con- 
nected together by iron bolts and straps, ~ or open, being ionned 
€( two beams, with an interval between them, so connected by 
cross and diagonal pieces, that a strain upon either the upper or 
lower beam will be trammitted to the other, and the whole system 
act under the effect of the strain like a solid beam. 

502. Solid built Beams. In framing solid built beams, the 
pieces in each course (Fig. 67) are laid abutting end to end with 
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Fig. 57 — Rflprawnte a idid built bean 
of three coanes. the pieoei of 
each ootine breaking jointi ftnd 
ooBflned by iron hoopi. 

a square joint between them, the courses breaking joints to form 
a strong bond between them. The courses are firmly connected 
either by iron bolts, formed with a screw and nut at one end to 
bring the courses into close contact, or else by iron bands driven 
on tight, or by iron stirrups (Fig. 68) suitably arranged with screw 
ends and nuts for the same purpose. 
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When the strain is of such a character that the courses would 
be liable to work loose and slide along their joints, the beams of 
the different courses may be made widi shallow indentations, 
(Figs. 59, 60,) accurately fitting into each other ； or shallow rec- 
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langular notches (Fig, 61) may be cut across each beam, being 
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•o placed as to receive blocks, or keys of hard wood. The keyi 
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are sometimes made of two wedge-shaped pieces, (Fig. 62,) for 
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the purpose of causing them to fit the notches more closely, and 
to admit of being driven tight upon any shrinkage of the woody 
fibre. 華 
The joints between the courses may be left slightly open 
without impairing in an appreciable degree the strength of the 
combination. This is a good method in beams exposed to mois- 
ture, as it allows of evaporation from the free circulation of the 
air through the joints. Felt, or stout paper saturated with min- 
eral tar, has been recommended to secure the joints from the 
action of moisture. The prepared material is so placed as to 
occupy the entire surface of the joint, and the wnole is well 
screwed together. 

603. Open built Beams. In framing open built beams, the 
principal point to be kept in view is to form such a connection 
between the upper ana lower solid beams, that they shall be 
strained uniformry by the action of a strain at any point between 
the bearings, lliis may be effected in various ways, (Fig. 63。 

Fig. 69— Reproaente an open 
built beam: A and B are 
the top and bottom nik or 
fltrings^ a. a, eras {pieces, 
eitlier Moaie or in pain; 6, 
P diagonal bracea in pain; c、 
* single diagQual braces. 

The upper and lower beams may consist either of single beams, 
or of solid built beams ； these are connected at regular intervals 
by pieces at right angles to them, between which diagonal pieces 
are placed. By this arrangement the relative position of all the 
parts of the frame will be preserved, and the strain at any point 
will be brought to bear upon the intermediate points. 

Two of the best known applications of this combination, when 
timber alone is used, are those of Colonel Long, of the U. S. 
Topographical Engineers, and of the late Mr. Town. 

604. That of Colonel Long (Fig. 64) consists in forming both 
Ihe upper and lower beams, termed by the inyentor the strings. 
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ol three parallel beams, sufficient space \yemg left between tLo 
Qhe in the centre and the other two to insert the cross piecei» 




fig. 64— RepresentB a panel of haag^B tnuB. 
A ttMl B, tof> and bottom strin^B ofthree oooimb 

E| (soonter bn^edngle. 

a. a, moftiseB when Jibs and keyi are inserted 

F, jib and key of hard wood. 

termed the posts ； the posts consist of beams in pairs piaced at 
suitable intervals along the strings, with which they are connected 
by wedge blocks, termed jibs and keys, which are inserted into 
rectangular holes made through the strings, and fitting a corre- 
sponding shallow notch cut into each post. A diagonal piece, termed 
a brace, connects the top of one post with the foot of the one ad- 
iacent by a suitable joint. Another diagonal piece, termed the 
counterirace, is placed crosswise between the two braces and 
their posts, with its ends abutting against the centre beam of the 
upper and lower strings. The counter-braces are connected 
with the posts and braces by wooden pins, termed tree-naib. 

In wide bearings, the strings will require to be made of several 
beams abutting end to end ； m this case the beams must break 
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506. A third method, called after the patentee, tiow s tru", 
bas within a few years come into general notice. It consists of 
(Fig. 66) an upper and ' 
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frame working iqose and saggii^, their arrangement for tighten* 
ing up the parts is simple and emcacious. Tne timber of each 
string is not combined to give as great strength as its cross sec- 
tion 18 susceptible of, and the lower string, upon which a strain 
of tension is brought, against which timber offers the greatest 
lesistance, has received a greater cross section than that of the 
apper. 

The preceding combinations have been applied generally in 
our country to bndffes. In this application, the timber Buoport- 
ing the roadway of the bridge is usually placed on the lower 
strings ； two, three, or four built beams oemg used, as the case 
oiay require, for supporting the transverse beams under the road- 
way, the centre beams leaving an equal width of roadway between 
them and the exterior beams. 

607. Framing for intermediate Supports. Beams of ordinary 
dimensions may be used for wide bearings when intennediate 
supports can be procured between the extreme points. 

The simplest and most obvious method of effecting this is to 
p:ace uprignt beams, termed props, or shores, at suitable intenrd 霧 
coder the supported beam. 

When the props would interfere with some other arrangementy 
and points of support can be procured at the extremities below 
those on which tne beam resU, inclined struts (Fig. 67) may be 
utfed. The struts must have a suitably formed step at the loot, 
nj>i be connected at top with the beam by a suitable joint. 

In some cases the oearing may be diminished by placing i« 
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When the beam requires to be supported only at the middle" 
it may be done by placing two inclined pieces, resting on the 
beam at its extremities, and meeting under an angle above it》 

iron, or by another beam. If the suspending piece be of iron, it 
must be arranged at one end with a screw and nut. When the 
support is of timber, a single beam, called a hing post, (Fig. 71,) 




fig. 71— Bepresents a h< 
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in its middle by a " 
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may be used, against the head of which the two inclined pieces 
may abut ； tiie foot of the post Ib connected with the beam \>j 
a bolt, an iron stirrap, or a suitable joint. Instead of the ordinarj 
kine post, two beams may be usea ; these are placed opposite to 
each other and bolted together, embracing between them the sup- 
ported beam and the heads of the inclined beams which fit into 
shallow notches cut into the supporting beams. Pieces arranged 
in this manner for snsj^eiidiiig portions of a frame receive the 
name of suy^eTision meoea^ or oridle pieoes, 

Whentwo intermediate points of support are required, they may 
be obtained by two inclined pieces resting on the ends of the 
beam and abuttinj^ against the extremities of a short horizontal 
straining beam, (Kg. 73.) The suspension pieces in this case 
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may be either posts, termed quemposts^ arranged like a kins 
poet, iron rods, or bridle pieces. Ijiis combination maybensea 
for very wide bearings, (Fig. 73，) by suitably increasing the num- 
ber of inclined pieces and straining beams. 

Some of the preceding combinations maybe used for support- 
ing one end of abeam subjected to a cross strain when the other 
has a fixed point of support. This maj be done either by an in- 
clined strut beneat3:\, or an'inclined tie above the beam. When 
a wooden tie is used it should consist of two pieces bolted to* 
gether and embracing the beam. 
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509. The dasBifications 
sent the principal combini 
pnrpoBes of framing. The 
of the simplest combinations by ， 
Darte of a frame may be illuBtrst 

A roof of the orainary form eoi 



' two equally indined 
of metal, slate, or other material, which is attached .to s 
ing ofboardB that rests upon the frame of the roof. The 
sneiete of several vertical frames, termed the tnutea of 
, which are placed parallel to and kt anitable intemJa 
from each other ； these receive horizontal beams termedpurftfM, 
which reet upon them and are placed at suitable iotervtus arart, 
and Qpon tiie inirliiiB are plac^ inclinedpiecee termed ^'tlong 
n^erg, to wluch the boards are attached^ 
The tniBB of a roof, for ordinary bearings, ctaagbi (Elg. 




of a horizontal beam termed the 
beams, termed the_pn) 
joints. The principal 
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fitraining bean? at top. Queen posts connect these pieces with 
the tie-beam. A king post connects the straining beam witn the 




roof troM for ，id« 



Fig. TS—BeprMents 
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top of the short rafters ； and stratsare placed at suitable points 
between the rafters and king and queen posts. 

In each of these combinations the weignt of the roof covering 
and the frames is supported by the points of support. The prin- 
cipal rafters aresabjected to cross and longitudinal strains, arising 
from the weight of tneroof covering and from their reciprocal ac- 
tion on each other. Theee strains are transmitted to the tie beam, 
causing a strain of tension upon it The struts resist the droes 
in upon the rafters and prevent them from sagging ； and the 



ana queen poets prevent the tie and strainingpeams from sag- 
aud ^ve points of support to the struts. The short rafters 
anQ Btraining beam form points of support which resist the cross 
strain on the principal rafters, and support the strain on the queen 
posts. 

510. Wooden Arches. A wooden arch may be formed by 
bending a single beam (Fig. 76) and confining its extremities to 
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prevent it from resuming its original shape. A beam in this 
state presents greater resistance to a cross strain tiban when 
strai^nt, and may be used with advantage where great stiffiiesB is 
required, provided the points of support are of Bumcient strength 
to resist tne lateral tlinist of the oeam. This method can be 
resorted to only in narrow bearings. 

For wide arches a curved built beam must be adopted ； and 
for this j^nrpoee a solid, (Figs. 77 and 78,) or an open built beam 
may be Qsed, depending on the bearing to be epanned by the 
arch. In either case the carved beams are built in the same 
maimer as straight beams, the pieces of which they are formed 
bein^ Boitabl TOnt to conform to the caryatnre of thearch, which 
majDedo'ne either bj steaming the pieces, by mechanical power, 
or by tlie usual method of softening the woody fibres by keeping 
the pieces wet while subjected to the heat of a light blaee. 
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serve ae intermediate points of support for the framing on which 
the roadway rests in tne one case, and the roof covering in the 
other. In bridges the roadway may lie either above the arch, 
or below it ； in either case vertical posts, iron rods, or bridles 
coimect the horizontal beams with the arch. 

511. The greatest strain in wooden arches takes place between 
the crown and springing line ； this part should, therefore, when 
practicable, be relieved of the pressure that it would directly 
receive from the beams above it by inclined struts, so arranged 
as to throw this ^resenre upon the lateral supports of the arch. 

The pieces which compose a wooden arch majr be bent into 
any curve. The one, however, usually adopted is an arc of a 
circle, as the most simple for the mechanical conBtruction of the 
framing, and presenting all desirable strength. 

612. C&ni/re8. The wooden frame with which the voussoirs 
of an arch, are supported while the arch is in progress of con- 
Btruction ifi termed a centre, 

A centre, like the frame of a roof, consists of a number of 
vertical frames (Figs. 80， 81， 82, 83,) termed trussee, or ribs, 
upon which horizontal beams, termed holsters^ are placed to re- 
ceive the Yonssoirs of the arch. 
The curvfed, or lack pieces of a centre on which the bolsters 



proper curvattire ； these pieces abut end to end, the joints be- 
tween them being in the direction of the radii of curvature ； the 
joints are iisuallj secured by short pieces, or blocks placed un- 
der the abutting ends to which the back pieces are bolted. The 
blocks form abutting snrfaceB for shores, or inclined struts seated 
against firm points of support below the back pieces. To pre- 
vent the shores, or the struts from bending, braces, or bridles, 
irhich are usually formed of two pieces, each with shallow notches 
cut into them, are added, and embrace between them the 
shores, or stmts, the whole being firmly connected with iron bolts. 

on the position of the points of support and the size of the arches. 
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613. For small light arches (Fig. 80) the ribs may be formed 
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horizontally, or inclined, and is placed at that joint of the a 
(the one which makes an angle of about 80° with the horis 
where the Tonseoin, if unsupported beneath, would i 
their beds. This beam is borne by Bhores which find flir 
of Bnpport on the foundations of the abntmeot 

The back pieces of the centre (Fig. 83) mity 1>e sapportec 
inclined etnite whioli rest immedistelj upon tine framed eapp 
one of the two etrots nnd^ each block resting upon one of 
fanned BoppoTtBj the other on tlie <nie on the opposite side, the 
Btrate being bo plaeed as to make equal snglea with the ndin 
•nrvature of toe arch drawn tbrong^ the middle point <tf 
block. Bridle jnecee, placed in the direction of toe radiui 
eniTBtnre, emlnvee the blocks snd Btrats in the nsnal man 



a <f Ik* Motn MOif lb* bMk piMM / 

ilined, and is placed at that jt 



FBAMINO. 185 

this surface. The centre is struck by driving back tl€ wedge 
block. 

518. When the struts rest upon intermediate supports be- 
tween the abutments, double, or fcHMng wedges may oe placed 
under the struts, or else upon the back pieces of the ribs under 
each bolster. The latter arrangement presents the advanta^ 
of allowing any part of the centre to be eased from the somt, 
instead of detaching the whole at once as in the other methods 
of Btriking wedges. This method was employed for the centres 
of QroBvenor Bridge, (Fig. 82,) over the river Dee at Chester, 
and was perfectly successful both in allowing a ^adnal settling 
of the arch at various points, and in the operation of striking. 

519. Ties cmd Braaes for detached Frames, When a series 
of frames concur to one end, as, for example, the main beams 
of a bridge, the trusses of a roof, ribs of a centre, &c.， they 
require to be tied together and stiffened by other beams to 
prevent any displacement, and warping of the frames. For this 
pnrpoee beams are placed in a horizontal position and notched 
upon each frame at suitable points to connect the whole together; 
^nule others are placed crossing each other, in a diagonal direc- 
tion, between each pair of frames, with which they are united 
bjr suitable joints, to stiffen the frames and prevent them from 
yielding to any lateral effort. Both the ties and the diagonal 
braces may be either of single beams, or of beams in pairs, so 
arranged as to embrace between them the part of the frames 
with which they are connected. 

520. Jomts. The form and arrangement of joints will 
depend upon the relative position of the beams joined, and the 
object of the joint. 

Joints may be required for various purposes, either to connect 
the ends of beams of which the axes are in the same right line, 
at make an angle between them ； or the end of one beam with 
the face of another ； or where the face of one beam rests upon 
that of another. 

In all arrangements of joints, the axes of the beams connected 
fihoald lie in me eame j^lane in which the strain uppn the frame 
acts ； and the combination should be bo arranged that the parts 
will accurately fit when the frame is put together, and that 
any portion may be displaced without aiBConnecting the rest. 
The simplest forms most suitable to the object in view will 
usually De found to be the best, as offering the most facility in 
obtaining an accurate fit of the parts. 

In adjusting the surfaces of the joints an allowance should be 
made for any settling in the frame which may arise either from 
the shrinking of the timber in seasoning while in the frame, or 
from the fibres yielding to the action of the Btrain. This is done 
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by leaving sufficient play in the joints when the frame is first set 
up, to admit of the parte coming into perfect contact when the 
frame has attained its final Bettling. Jointe formed of plane sur- 
faces present more difficulty in this respect than curved joints, 
as the bearing BurfaceB in the latter case will remain in contact 
should any shght change take place in the relative poeitionB of 
the beisims from settlings; whereas in the former a slight settling 
might cause the BtrainB to be thrown upon a corner, or edge of 
the joint, by which the bearing surfaces might be crushed, and 

which Bach a circumstance might occasion. 
The surface of a joint subjected to pressure should be as 
)at as practicable, to secure the parts in contact from being 
bed by the strain ； and the &urmce should be perpendicular 
Le direction of the strain to prevent sliding, 
thin sheet of wrought iron, or lead, may be inserted 
between the surfaces of joints where, from the magnitude of 
the strain, one of them is liable to be crushed by the other, as in 
the case of the end of one beam resting upon the face of another. 

521. Folding wedges, and pins, or tree-ncvUs^ of hard wood 
are used to bring the snrfaces of joints firmly to their bearings, 
and retain the parts of the frame in their places. The wedges 
are inserted into square holes, and the pins inta auger-holea 
made through the parts connected. As the object of tlieee 
accessories is simply to bring the parts coimected into close 
contact, they Bhomd be carefully dnven in order not to cause 
a Btrain that might crusli the fibres. 

To secure joints subjected to a heavy Btrain, bolts, straps, and 
hoops of wrought iron are used. These should be placed in the 
best direction to counteract the strain and present the parts from 
separating ； and wherever the bolts are requisite they should 
be inserted at thoee points which will least weaken the joint 

622. Joints of JBeama tmitedend to end. When the axes of 
the beams are in the same right line, the form of the joint will 
depend upon the direction oi the strain. If the Btrain is one of 
compressioA, the ends of the beams may be united by a square 
joint perpendicular to their axes, the joint being secured (Fig.85) 
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by four short pieces so placed as to embrace the ends of the 
beams, and being fastened to the beams and to each other by 
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bolts. This arrangement, termed JUhmg a heam, is used only 
for rough work. It may also be used when the strain is one of 
extension ； in this case the short pieces (Fig. 86) may be notcherl 




Jlip. 86— BofirtMnti % fialMd Joint in which the side pieces a and d are either let Into the 

beams or Monrtd by keys e, «. 



upon the beams, or else keys of hard wood, inserted into shallow 
Botches made in the beams and short pieces, may be employed 
to give additional security to the joint. 
A 
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joint termed a soarf may be used for either of the foregoing 
mrpoees. This joint may be formed either bv halving the beams 
n each other near their ends, (Fig. 87,) and Becuring the joints 




VSg. 8T 一 BepNMntt % Muf Joint aeoond by iron pUtai «^ kiyi and boHa. 

by boltB, or straps ; or else by so arranging the ends of the two 
beams tibat each snail fit into shallow triangular notches cut 
into the other, the joint being Becnred by iron hoops. This last 
method is employed for round timber. 

523. When beams united at their ends are subjected to a cross 
Btrain, a scarf joint is generally used, the under part of the joint 
being secured by an iron plate confined to the beams by bolts. 
The scarf for this purpose may be formed simply by halyingthe 
beams near their ends ； but a more usual and better form ^g. 
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Tig. 88— B«pKi0Beiit» t setrf Joint for a otom strain seourod at bottom by a piece 
oonfin«d to the besms by Iron hoops c2, d and keyi ^ a 

88) is to make the portion of the joint at the top surface of 
the beams perpendicular to their axes, and about one third of 
their depth ； tne bottom portion being oblique to ti^e axis, aa 
well as the portion joining these two. 

When the beams are supjected to a croea strain and to one of 
extension in the direction of their axes, the form of the scarf 
must be BuitaLly arran^d to resist each of these stramfl. The one 
shown in Fig. 89 is a suitable and vmsl form for these objects. A 
lolding wedge key of hard wood is inserted into a Bpace left 
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drawn apart The key serves to bring the snrfaces of the joints 




Iftff. 89— Sepresents • scarf Joint arranged to redst a cross strain and one of extensloii. 
The bottom of the joint is seeared bv on Iron plate oonflned bv bolt& The fbldlzkg 
wedge key laierted at e aerves to bring all the sar&ees of the Joints to their bearings. 

to their bearings, and to form an abutting surface to resist the 
strain of extenBion. In this form of scarf the surface of the 
joint which abuts against the key will be compressed ； the 
portions of the beams just above and below the key will be 
subjected to extension. These parts should present the same 
amount of resifitance, or have an equality of cross section. The 
len^tli of the scarf should be regulated by the reBietance with 
which the timber employed resists detrusion compared with 
its resistance to compression and extension. 

524. When the axes of beams form an angle between them, 
they may be connected at their ends either by halving them 
on each other, or by cutting a mortise in the centre of one 
beam at the end, ana shaping the end of the other to fit into it. 

525. Jomtsfar connecUna the end of one heam with the face 
, cmother. .llie joints used for this purpose are termed mortise 

_ tenon joints. Their form will depend upon the angle be- 
m the axes of the beams. When tne axes are perpenaicalar 
le mortise (Fig. 90) is cut into the face of the beam, and the end 
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of the other beam is shaped into a tenon to fit the mortise. When 
the axes of the beams are oblique to each other, a triangular 
notch (Fig. 91) is usually cut into the face of one beam, the sides 
of the notch being perpendicular to each other, and a shallow 
mortise is cut into the lower surface of the notch ； the end of 
the o&er beam is suitably shaped to fit the notch and mordae. 
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Tenon and mortise joints have received a variety ( f forms. 
Hie direction of the strain and the effect it may produce upon 
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the j oint must in all cases regulate this point. In some cases the 
circular joint may be more suitable than those forms which are 
plane Bimaces ； in others a double tenon may be better than ti^e 
simple joint. 

526. Tie joints. These joints are used to connect beams 
which crofis, or lie on each other. The simplest and strongeBt 
form of tie joint consistfi in cutting a notch in one, or both of the 
beams to connect them securely. But when the beams do not 
cross, but the end of one rests upon the other, a notch of a tra- 
pezoidal form (Fig. 92) may be cut in the lower beam to receive 

s 



A 



pi 



pin tt e. 



the end of the upper, which is suitably shaped to fit the notch. 
Tbifl, from its shape, is termed a dove-taU Joint. It is of fre- 

anent use in joinery, but is not suitable for heavy frames where 
lie joints are subjected to considerable strains, as it soon becomes 
looee from the shrinking of the timber. 

627. Iron Framea* Oast and wrouffht iron are both used for 
frames. The former is most suitable wnere great strength com- 
bined with stiffiiesB is required ； the latter light frames and 
wherever the strains act mainly as tensioiiB. 

In iron frames the same general principles of combination 
are applicable as in tl^ose of timber, and they admit of the same 
claesmcatioii as frames of the latter material. 

Cast iron is most easily wrought into the best forms for 
strength. The dimensions of the pieces must, however, be re- 
stricted within certain practical limits, both oi^accoxint of the 
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laboT and expense attendant upon die cafiting and Landl tn^ of 
heavy pieces, and the difficulty of procuring them of tiiiifoim 
quality when of large size. In arranging the component parts of 
an iron frame, unitormitT in the shape and dimeneions is requi- 
Bite both for economy and perfection of workmanship ； and asfar 
as practicable, the bulk of the different parts of each piece should 
be the same, in order to avoid the dangers arising from unequal 
dirinking in cooling. 

Wrought iron may be hammered, or rolled into the most snilr 
able form for strength, but for frames bars of a rectangular eeo- 
tiou are mostly used. 

The joints in both cast and wronglit iron frames are made upon 
the same principles as in those of timber, the forms being adapted 
to the nature of the material ； they are secured by wrought iron 
wedges, keys, bolts, &c. 

528. Frames for Oroas Strains. Solid beams of cast iron, 
moulded into the most suitable forms for strength and for adap- 
tation to the object in view, may be used for supporting a cross 
strain where the bearings are of a medium width. ooKd wrought 
iron beams can be used with economy for the same purposes 
only for short bearings. ^ ^ ^ 

529. Open cast iron beams are seldom used except in combina- 
tion with cast iron arches. Those of wrought iron are freanently 
used in BtructureB. They maj be formed of a top and DOttom' 
rail connected by diagonal pieces, forming the ordinary lattice 
arrangement ； or a piece bent into a curvea form may be placed 
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between the rails, or an, other snitable oombination (BV. 98) 
may be used wl^cn combines lightness with strength and stimkeaB. 



530. Iron Arches. Cast iron arches may be used for the Bama 
objects as thoee of timber. The frames for these purposes con* 
sist of severalparallel ribs of uniform dimensioiiB which are cast 
into an arch fonn, the ribs being connected by horizontal ties, 
and stiffened by diagonal braces. The weight of the superBtruo- 
tnre is transmitted to the curved ribs in a variety of ways ； most 
nsaally by an open cast iron beam, the lowerpart of which is bo 
T to jestupon the curvedrib, and the upper part Buitabh 
formed for the object in view. These Deams are also connected 
by ties, and stiffened by diagonal braces. 

Each ' rib, except for narrow spans, is composed of several 
pieces, or se^ents, between each pair of which there is a joint 
in tlie direction of the radius of cunratnre. The forms and di- 
mensions of the Begments are uniform. The segments are ufiuallj 
either solid, (Fig. 94，) or open plates of uniform thickness, havuig 
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a flandi of tmiform breadth and depth at each end, and on the 
entradoB and intrados. The flanch serves both to give Btrengtli 
to the segment and to form the connection between the eegmentB 
and the parts which rest upon the rib. 

The rios are connected oy tie plates which are inserted be- 
tween the joints of the semients, and are fastened to the Begments 
by iron screw bolts whicn pass through the end flanches of the 
Beffments and the tie plate between them. The tie plates may be 
eifliep open, or solid ； the former beiiig tiBually preferred on ao- 
count of this superior lightness and cheapness. 

The frame work of the ribs is stiffened by diagonal pieces 
which are connected either with the ribs, or the tie plates. The 
diagonal braces are cast in one piece, the arms being ribbed, or 
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States by Major Delafield of the TJ. S. Corps of Engineers^ in 
an arch for a bridge of 80 feet Bpan. Each rib waa formed of 
nine segments ； each segment (Fig. 95) being cast in one piece, 
the cross section of whicn is an elliptical ring of uniform thick- 
ness, the transverse axis of the ellipse being in the direction of 
the radius of curvature of the rib. A broad elliptical flanch 
with ribs, or stays, is cast on each end of the segment, to connect 
the parts with each other ； and three ohmra^ or saddle pieces^ 
with grooves in them, are cast upon the entrados of eacn seg- 
ment, and at equal intervals apart, to receive the open beam 
which rests on tne curved rib. 

The ribs are connected by an open tie plate, (Fig. 96.) Eaised 
elliptical projections are cast on each face of the tie plate, where 
it is connected with liie segments, which are adjust ea accurately 
to the interior surface of each pair of segments, between whicn 
the tie plate is embraced. The segmentB and plate are fastened 

The tie plates form the only connection between the curved 
ribs ； the broad ribbed flanches of the segments, and the raised 
rims of the tie plates inserted into the encb of the tubes, giving 
all the advantages and stiffness of diagonal pieces. 

532. Tubular ribs with an elliptical cross section have been 
used in France for many of their bridges. They were first intro- 
duced but a few years back by M. Polonceau, after whose 
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designs the greater part of these Btmctares have beer built. 
According to M. Polonceau's ulan, each rib conBists of two 
symmetrical parts divided lengtnwise by a vertical joint Each 
half of the no is composed of a number of segmentB bo distribute 
ed as to break joints, in order that when the segmentB are put 
together there shall be no continuous cross joint t&ongh the nbs. 

The Begments (Fig. 96) are cast with a top and bottom flanch 
and one also at each end. The halves of the rib are connected 
by bolts through the upper and low^ flanches, and the segmeata 
by bolts through the end flanches. 

For tiie purposes of adjuBting the ae^ents and bringing the 
rib to a snitablB desree of tension, flat pieces of wrought iron of 
a wedge shape are driven into the joints between the segmentB, 
and are confined in the joints by the bolts which fasten the 
fieements and which also pass through these wedg«8. 

To connect the ribs with each other, iron tabmar pieces are 




9\g. 97— BepresentB the half of 翁 tnuM of wroosht iron fiv the new Housm of PfciWamtnt^ Baglnl 
The piMee of this troM are formed of ban of • recUaguUtr section. The Joints «• Men«4 
«tft Iron Boeketi, within which the eD<k of tho ban are secured hj soMW Dolti. 
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pression, are arranged to give the moet suitable forma foi 
strength, and to adapt them to the object in view. The parte 
subjected to a strain of extension, as the tie-beam and king and 
queen poets, are made either of wrought iron or of timber, as may 
be found best adapted to the particular end proposed. The joints 
are in some cases arranged oj inserting the ends of the beams, 
or bare, in cast iron sockets, or shoes of a suitable form ； in 
others the beams are united by joints arranged like those for 
timber frames, the joints in all cases being secured by wrouglit 
iron bolts and keys. (Figs. 97, 98, and 99.) 




fig. M— BepreseatB the amaM^ 
mentB of the pftrts at the Mn 
el]iFl«.9& 

A, Bld« Tlew of tha nlMes ao^ 
joint 

a, prlDotiMl rafter of the enm 

Metion B. 
&， oommra niter of the croas 

soedon C 
d, eroM section of pnrlliis and 

joint for flMtoninff the com- 

mon raften to the pnriina. 
<i, «Mt iron socket arrufed 

to confine tiie ptooM b 



Chains and ropes may 
for rigid materials, as 
, forming sjBtems of 
d are suspended from 
em either directly, or 



634. FleooQjle Sfwj^pcTts for Frames. 
frequentljr be eubstitnted with advan' 
intermediate points of support for fn 
Buspension in which the parts Buppo: 
the flexible supports, or else rest upon 
through the intermedium, of rigid beamfi 

535. All BjBtemB of snBpeiiBion are based njDon the properly 
which the catenaiy cnrve in a state of eqimibriam poesesses 
of converting vertical pressures upon it into tensions in the di- 
rection of the curve. These systems therefore offer the advan- 
tages of presenting the materials of which they are composed 
in the best maimer for calling into action the greatest amount 
of resistance of which they are capable, and of allowing the 
dimensionB of the parts to be adapted to the strain thrown upon 
them more accurately than can be done in rigid systems ； tnna 
avoiding much of the unproductive weight necessarily intro- 
duced into Btractures of Btone, wood, and cast iron. They offer 
also the farther advantages that in tiieir constraction the parta 
of which they are composed can be readily adj aeted, put together 
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and taken apart for repairs. They present the disadvantages of 
changing both their form and dimensions from the action of the 
weat£er and variations of temperature, and of being liable to 
grave accidents from undulations and vertical vibrations caused 
by high winds, or moveable loads. The require, therefore, that 
the fixed points of support of the Bystem should be very firm 
and durable, and that constant attention should be given to 
keep the system in a thorough state of repair. 

536. A chain or rope, wnen fastened at each extremity to 
fixed points of support, will, from the action of gravity, assume 
llxe form of a catenary in a state of equilibrium, whether the 
two extremities be on the same, or dmerent levels. The rela- 
tive height of the fixed supports may therefore be made to 
conform to the locality. 

537. The ratio of the versed sine of the arc to its chord, or 
span, will also depend, for the most part, on local circumstances 
and the object of the Buepended structure. The wider the span, 
or chord, for the same versed sine, the greater will be the 
tension along the curve, and the more strength will therefore 
be required in all the parts. The reverse will obtain for an 
increase of versed sine for the same span ； but there will be an 
increase in the length of the curve. 

538. The chaing may either be attached at the extremities of 
the curve to the fixed enipporte, or piers ； or they may rest upon 
lliem, (Fig. 100, 101，) being fixed into anchoring masses, or 



d 




101— SepraMnti tha maimer In wUeb fhe Byttem may be arranged when a single pier if 
plaeed between the ezferome points of the bearing. 



abntments, at some distance beyond the piers. Local circum- 
stances will determine which of the two methods will be the 
more suitable. The latter is generally adopted, particularly if 
the piers require to be high, since tne strain upon them from 
the tension might, from the leverage, cause rupture in the pier 
near the bottom, and because, moreover, it remedies in some 
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degree the inconveniences ariBing from variations of tensiov 
caused either by a moveable load, or changes of temperature. 
Piers of wood, or of cast iron moveable around a joint at their 
bafie, haTe been used instead of fixed piers, with the object 
of remedying the same inconveniences. 

539. When the chains pasfi over the piers and are aBchored 
at Bome distance bejrond them, they maj either rest upon 
saddle pieces of cast iron, or upon pulleys placed on the piers. 

540. The poeition of the ancnoring points will depend upon 
local circumstanceB. The two branches of the chain may eitner 
make equal angles with the axis of the pier. thuB afi^uming the 
same curyature on each aide of it, or else tne extremity of the 
diain may be anchored at a point nearer to the base of the pier. 
In the former case the resultant of the tensionfi and weights will 
be vertical and in the direction of the axis of the pier, in the 
latter it will be oblique to the ans, and ^ould paee so &r 
within the base that tne material will be secure from croBhing. 

541. The anchoring points are usually masses of masonry of 
a suitable form to resist the strain to wnich they are subjected. 
They may be placed either above or below the surface of the 
ground, aa the locality m&j demand. The kind of reBistance 
offered by them to the tension on the chain will depend upon 
the position of the chain. If the two branches of the wain rn^ke 
equal angles with the axis of the pier, the resistance offered 
by the abutments will mainly depend upon the strength of the 
material of which they are formed. If the branches of the 
chain make xmequal angles with the axis of the pier, the branch 
fixed to the anchoring mass is nBQally deflected in a vertical 
direction, and so secured that the weignt of the abatment may 
act in resisting the tension on the chain. In this plan fixed 
pulleys placed on veiy firm supports will be required at the point 
of deflection of the chain to resist the preesore •arising from 
the tension at these points. 

ably connected to increaBe the reBistance offered by the former. 

The connection between the chaiiiB and abutments should be 
80 arranged liiat the parts can be readily examined. The chains 
at'these points are aometimefi imbedded in a paste of ikt lime to 
preserve them from oxidatioii. 

542. The chains maj be j^aced either above or below the 
stractiure to be Bupported. llie foimer givee a BTBtein of more 
stability than the latter, owing to the poeition of the centre of 
gravity, but it usually requires high piers, and the chain cannot 
generally be bo well arranged as in the latter to subeerye there* 
quired puipo6e& The curres may consist of one or more chainiL 
DeYeraTare uanaUj preferred to a single one, as for the sftmo 



monnt of metal thef offer more roeiBtance, can "be moie accn* 
lately manafiiotured, are leu liable to accidents, imd can be 
more eanly put up and replaced than a Bingle chain. 1^ 
chains of the curve may be placed either side by dde, or above 
each other, according to circnmstances. 

643. -The corvee mar be formed either of chaiiis, of wire ca 
blee, or of bands of hoop iron. Each of these methods hu 
foand its respective advocates among engineers, lluwe who 
prefer wire cables to chains nree that tlie utter are more liable 
to accidents than the former, tnat their strangth is less uniform 
and leas in proportion to their weight than ihat ot wire caMee, 
that iron burs are more liable to contain concealed defects than 
wire, that the proofe to which chains are aabjected may increase 
without, in all caeee, expoeine these defects, and that the con- 
ttrnction and pnttrng up of cnuns ib more expemive and difO^ 
for wire cables. The opponents of win cables state 
are open to the same objectaom as those tugged affsitiBt 
iat they offer a greater amount of enrface to oxiaati<ni 
lame Tolnme of bar iron would, and that no precaa- 
it the moisture from penetrating into a wire 
jg rapid oxidation. 

this, 88 in all like discnesioDs, an exaggerated degree 
attaclieii to liie objections urged 
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ihat each method t - 
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lUtable to those faults of workmanship, ( 
iterial used, which can hardlv be anticipated and 
n any novel application of a like character. Time 
definitive!, deoiae upon the comparative merits of the 
lods, and now far either of them may be used widi 
s in the place of Btrnctiires of more risfid materialB. 
16 chaina of the curves may be forme<f of either round, 
r flat bars. Chains of flat bare bare been most gene- 
L Theee em formed in long links which are connected 

ttes and bolts. Each linl conaiate of Boveral bore of 
Dgth, each of which is perforated -mih a 
to receive the connecting bolts. The ban 
'laced Bide by eide, and the links are 
' ■ ' " B holts 



of each 

, ― connected by 

1 which form a short link, and th' ' * • 
ke of tiie portions of the chain which rest upon 
be bent, or eke be made shorter tuai 
the oham to the cnired form of th< 
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Bquare bars. They are usually made with one or more articu- 
lations, to admit of their yielding with less Btrain to the bar tc 
any motion of vibration, or of oscillation. They may be bub- 
pended from the connecting bolts of the links, but the prefera- 
ble method is to attach them to a suitable saddle piece which 
is fitted to the top of the chain and thus distributes the strain 
upon the bar more uniformly over the bolts and links. The 
lower end of the bar is 8uital>ly arranged to connect it with 
the part suspended from it. 

646. The wire cables used for curves are composed of wires 
laid side by side, which are brought to a cylindncal shape and 
confined by a spiral wrapping of wire. To form the cable seve- 
ral eaual sized ropee, or yamfl, are first made. This may be 
done Dj cutting all the wires of the length required for the yarn, 
or by uniting end to end the requisite number of wires for the 
yarn, and then winding them around two pieces of wrought or 
of cast iron, of a horse-shoe shape, with a suitable gorge to re- 
ceive the wires, which are placed as far asunder as the required 
length of the yam. The yarn is firmly attached at its two ends 
to the iron pieces, or cruppers^ and the wires are temporarily con- 
fined at intermediate 

of the two methods 一 
to every wire of the yam the same degree of tension by a suitable 
mechanism. The cable is completed after the yarns are placed 
upon the piers and secured to the anchoring ropes or chains ； for 
this purpose the temporary lashings of the yams are undone, and 
aJl tne yams are united and brought to a cylindrical shape and 
secured throughout the extent of the cable, to within a short 
distance of each pier, by a continuouB spiral lashing of wire. 

The part of the cable which rests upon the pier is not bound 
with wire, but is spread over the saddle piece with a umfoim 
thicknesB. 

547. The Buepension ropes are formed in the same way as the 
cables ； they are usually arranged with a loop at each end, form- 
ed around an iron crupper, to connect them with the cables, 
to which they are attaclied, and to the parts of the etructure 
sufipended from them by suitable saddle pieces. 

548. To secure the cables from oxidation, the iron wires are 
coated with vamiBh before they are made into yams, and after 
the cables are completed diey are either coatea with the usual 
paints for securing iron from the effects of mokture, or else 
covered with some impermeable material. 

549. ExperimerUs on the St/rmgth of Frames, Experimental 
researches on this point have been mostly restricted to thoee 
made with models on a comparatively small scale, owing to the 
expense and difficulty attendant upon experiments on framea 
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having the form and dimensions of those employed in ordinary 
fitrnctures. 

Among the most remarkable experiments on a large scale 
ar<e those made by order of the French government at Lorient, 
Tinder the direction of M. Biebell, the superintending engineer 
of the port, and published in 'the ArvruUea Maritimea et Colo 
niales, Feb. and ]Nov., 1837. 

The experiments were made by first setting up the frame to 
be tried, and, after it had settled under the action of its own 
weight, sospending from the back of it, by ropes placed at 
equal intervals apart, equal weights to represent a load uni- 
formly distributed over the badk of the frame. 

The results contained in the following table are from experi- 
ments on a truss (Fig. 102) for the roof of a ship shed. The 
troas consisted of two rafters and a tie beam, with suspension 

Fig: 10&. 




pieces in pairs, and diagonal iron bolts which were added be* 
cause it was necessary to scarf the tie beam. The span of the 
truss was 65^ feet ; the rafters had a slope of 1 perpendicular to 
4 base. The thickness of the beams, measured horizontally, was 
about 2^ inches, their depth about 18 inches. The amount of 
Uie settling at each rope was ascertained by fixed graduated 
vertical foos, the measures being taken below a horizontal line 
marked 0. 
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The following table gives the results of experiments made on 
frames of the usual forms of straight and curved timber for roof 
tmsses. The cur> ed pieces were made of two thicknesses, each 
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550. Under this head will \)e comprieed that class cf etruc- 
tares whose object is to afford a line of commTinication above 
the general surface of a country, either by means of a roadway, 
or of a water-way, without obstructing those communicatioiia 
which He upon the surface. 




and when a water-wajr an aqueduct. 

If the structure is limited to affording a communication over 
a water-course, it is termed a hridge wnen it supports a road- 
w^, and an aqv^duc^lridge when it affords a water-wav. 

For the convenience of description, bridges, &c.， may be clas- 
sified either from the kind of material of which they are con- 
structed, as a Stone-Bridge^ a WoodenrBridgey&c.^ or from the 
character of the structure, as a PerrnxmeifU-Bridge^ a Draw- 
Bridge^ &c. 

BTONE BBIDGE8. 

651, A stone bridge conszstB of a roadway which rests upon 
one or more arches, nBuallj of a cylindrical form, the abutments 
and piers of the arches being of sufficient height and strength 
to secure them and the roadway from the effects of an extraor- 
dinary rise in the water-course. 

552. LacalUy. The point where a bridge may be required, 
as well as the direction of the aoda, or centre line of the roadway 
over the bridge, usually depends upon the position of a line of 
communication which traverBes the water-course, and of which 
the bridge is a necessary link. When, however, the engineer is 
not restricted in the choice of a Buitable locality by this condi- 
tion, he should endeavor to select one where the soil of the bed 
will afford a firm support for the fonndationB of the structure : 
where the approacJiea^ or avenues leading from the banks of the 
waterconrBe to the bridge can be easily made, not requiring 
high embankments or deep excavationB ; and one where the re- 
gimen of the water-course is tiniform and not ^likely to be 
changed in any hurtful degree by elbows, or other variations 
in the water-way near the bridge, or by the obstruction which 
the foundations, &c.， of the structtire may offer to the free dis- 
charge of the water. 

To avoid tbe'difGiculties which the constraction of askew arches 
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presents, the axis of the bridge should be perpendicular to the 
oirection of the thread of the current, since jfor the security of the 
foundations, the faces of the piers and abutments of the arches 
must be placed parallel to the thread of the current. 

553. /Survey, With whatever considerations the locaKty may 
have been selected, a careful survey must be made not only of 

above and below the point which the bridge will occupy, to en- 
able the engineer to judge of the tprobable effects wnich the 
bridge when erected may have upon the natur^ regimen of the 
water-course. 

The object of the survey will be to ascertain thoroughly the 
natural features of the surface, the nature of the subsoil of the 
bed and banks of the water* course, and the character of the 
water-course at its different phases of high and low water, and 
of freshets. This information will be embodied in a topograph! 
cal map ； in cross and longitudinal sections of the water-course 
and the substrata of its bed and banks, as ascertained by Boond- 
ingB and borings ； and in a descriptive memoir which, besides the 
nfiual state of the water-course, should exhibit an account of 
its changes, occasioned either by permanent or by accidental 
causes, as from the effects of extraordinary freshets, or from 
the constmction of bridges, dams, and other artificial changes 
either in the bed or baD&. 

554. Having obtained a thorough knowledge both of the posi- 
tion to be occupied bv the bridge and its environs, the two most 
essential points whicn will next demand the conBideration of the 
engineer will be, in the first place, so to adapt his proposed struc- 
tnre to the locality, that a suflicieiit water-way Bhall beleft both for 
navigable pnrpodes and for the free discharge of the water accu- 
mulated daring high freshets ； and, in the second, to adopt such 
a system of fouDOations as will be most likely to ensure the 
safety of the structure when exposed to this cause of danger. 

555. WaiefJMjyay. When the natural water-way of a river is 
obstructed by any artificial means, the contraction, if consider- 
able, will cause tne water, above the point where the obstruction 
18 placed, to rise higher than the level of that below it, and pro- 
dace a fall, with an increased velocity due to it, in the current 
between the two levels. These causes during heavy freshets, 
maj be productive of serious injury to agriculture, from the over- 
flowing of the banks of the water course ； ~ may endanger, if not 
entirely suspend iiayig0>tion, during the seasons of freshets ； ~ and 
expose any structure which, like a oridge, forms the obstruction, 
to ruin, from the increased action of the current upon the soil 
aroimd its foimdations. If, on the contrary, the natural water- 
way is enlarged at the point where the structure is placed, with 
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point, which, by gradually filling up the bed, might, on a Budden 
rise of the water, prove a more eeriotis obstrnction than the strao- 
tare itself; particularly if the main body of the water Bhonldhap- 

5)en to be diverted by the deposit from its ordinary channels, and 
brm new ones of greater depth aronnd the foundations of the 
fitractnre. 

The water-way left by the structure ehould, for the reaaons 
above, be so regiilated that no considerable chan^ shall be oo 
casioned in the velocity of the current through it during the 
most unfavorable stages of the water. 

656. For title purpose of deciding upon the most suitable 
locitv for the current throngh the contracted water-way formed 
by tne structure, the velocity of the current and its effects i^on 

careMly noted at those BeaBons when the water is highest ； se* 
lecting, in preference, for these obseirations, thoee points aboTO 
and below the one which the bridge is to occupy, where the 



nataral water-way is most contracted. 

567. The velocity of the current at any point may 
tained by the simple process of allowing a li^htbair, ot float ot 
some material, like wnite wax, or camphor, wnoee specinc grav- 



le current at any point may be ascer- 



the 
the 



is somewhat lees than that of water, to be earned along by 



e time of its paesa^ between two fixed stations. 
658. From the velocity at the surface, ascertained in this 
way, the average, or mecm vdodty of the water, which flows 
through the croBS-section of any water-way between the stations 
where the pbaerrations are taken, may be found, by taking four 
fifths of the velocity at the surface. 

Having the mean velocity of the natnral water-way, that of 
the artificial water-way will be obtained from the following ex« 
pression, 



V = ffl — r 



in which % and ^ represent, respectively, the area and mean 
velocity of the artificial water-way ； s and y, the same data of 
the natural waterway ； and m a constant qnantity, which, aa 
determined from varions experiments, maj be repreeented by the 
mixed number 1,097. ':' 

With regard to titie effect of the increased velocity oh the bed^ 
there are no€«periments which directly applyto the cases nsaallj 
met with. The following table is drawn tip from ezperimenti 
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made in a confined chaBnel, the bottom and sides of the chaimel 
being formed of rough boards. 



Bttgw of Mseoma* 
M&Un termed 


Velocity of 
river m feet 
per second. 


Naton of fhe bottom whieh Just bean 


Bpeelfle gimTl- 
teriaL . 


Ordimuy floodt. 

Unttbrm tsBOffS . 

OUdlaff • • • 
Ihin^. . . . 




AngnlaT ttoDM, the aizd of a hui^s «gg , 
Bounded p«bblM one inch In diameter • 
OnT«l of the sIm (tfgftrden beua . . . 

Bud, tbe gratiu theilseof aaiaeeds • • 





559. Bays. With the data now before him, the engineer can 
proceed to the-arrangement of the forms and details of &o va- 
rions parts of the proposed stractare. 

The first point to be considered under this head will be the 
number of oays^ or intervals into which the natural water-way 
must be divided, and the formB and dimenfiions of the arches 
which span the bays. 

Ab a general rnie, there ahonld be an odd nninber of bam 
whenever the width of the water-way is too great to be spanned 
by a single arclu Local circnmstances ma^ re<pire a departore 
firom this canon ； but when departed from, it will be at toe cost 
of architectural effect; since no secondary feature can occupy 
the central point in any architectaral composition without impair^ 
ing tiie beauty of the structore to the eye ； and as the arches 
are the main featares of a stone bridge, the central point ought 
to be occupied by one of them. 

The width of the bays will depend mainly upon the charac- 
ter of the current, tlie nature of tne soil upon which the founda- 
tions rest, and the kind of material that can be obtained for the 
maaonrj 暴 

For Btreams with a gentle current, which are not Bubject to 
heavy freshets, narrow bays, or those of a medium aize majbe 
adopted, because, even a considerable diminution of the natural 
wateivway will not greatly affect the velocity under the bridge, 
and the fotmdations merefore will not be liable to be undermined* 
The difficulty, moreover, of laying the f onndations in streams of 
this character is generally inconsiderable. For streams witib a 
rapid current, and which are moreover subject to great freshets, 
wide bays will be most Bnitable, in order, bjr procuring a wide 
"water-way, to diminish the danger to the points of sappoit^ in 
placing as few in the stream as practicable. 

If materiala of the best qnalitjr can be procured for thestrao* 
tore, wide bays with bold arches can be adopted with safety ； 
but, if the materialB are of an inferior quality, it will be moBt 
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prudent to adopt bays of a small, or mediam space, and a 
strong form of arch. 

560. Arches. Cylindrical arches with any of the usual fonn» 
of curve of intraaos may be ufied for briages. The selection 
will be restricted by the width of the bay, the highest water- 
level during freshets, the approaches to the l^ridge, and the 
architecture effect which may be produced by the structure, as 
it is more or less exposed to view at the intermediate stages be- 
tween high and low water. 

Oval and segment arches are mostly preferred to the full cen- 
tre arch, particularly for mediam and wide bays, for the reasons 
that, for the same level of roadway, they aifora a more ample 
water-way under them, and their neads and spandrels offer a 
Bmaller surface to the pressure of the waterdunng freshets than 
the fall centre arch under like circumBtances. 

The full centre arch, from the intrinsic beauty of its form, the 
simplicity of its construction, and its strength, should be preferred 
to any other arch for bridges over water-courses of a uniformly 
moderate current, and which are not subjected to considerable 
changes in their water-levels, particularly when its adoption does 
not demand expensive embankmentB for the approacnes. 

If the bays spanned by the arches are of the same width, the 
curves of all the arches must be identical. If the bajB are of 
unequal width, the widest should occupy the centre of the struc- 
ture, and those on each side of the centre should either be of 
equal width, or else decrease uniformly from the centre to each 
extremity of the bridge. In this case the curves of the arches 
should be similai, and have their springing lines on the same 
level throughout the bridge. 

The level of the springing lines will depend upon the rise of 
the arches, and the neignt of their crowns above the water-level 
of the'highest freshets. The crown of the arches should not, as 
a general rule, be less than three feet above lihe highest known 
water-level, in order that a passage-way maybe leit for floating 
bodies descending during freshets. Between this, the lowest 
position of the crown, ana any other, the rise should be bo chosen 
that the approaches, on the one hand, may not be imnecesBarily 
raised, nor, on the other, the springing lines be placed 60 low 
aa to mar iJie architectural e£fect of the structure during llie 
ordinary stages of the water. 

When the arches are of the same size, the axis of the roadway 
and the principal architectural lines which run lengthwise along 
the heaoB of me bridge, as the top of the parapet, the cornice, 
&c" &c" will be horizontal, and the bridge, to use a common 
expression, be on a dead levd throughout. This has for some 
time been a favorite feature in bridge architecture, few of the 
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more recent and celebrated bridges being without it, as it is 
thought to ^ve a character of lightness and boldness to the struc- 
ture which 18 wanting in bridges built with a uniform declivity 
firom the centre to tne extreme arches. Without stopping to 
examine this claim of architectural beauty for level bridges, it 
is well to state that it may bepurchased at too great a cost, par- 
ticularly in localities where tne relative level of the roadway 
and of the adjacent ground would demand high embankments 
for the approaches. 

561. Style of Architecture. The design and construction of 
a bridge should be governed by the same general principles as 
any omer architectural composition. As the object of a bridge 
is to bear heavy loads, and to withstand the effects of one of 
the most destructive agents with which tke engineer has to 
contend, the general character of its architecture snonld be that 
of strength. It should not only "be secure, but to the apprehen- 
sion appear so. It should be equally removed from Egyptian mas- 
siyeness and Corinthian lightness ； while, at the same time, it 
should conform to the features of the surrounding locality, being 
more ornate and carefully wrought in its minor details in a city, 
and near buildings of a sumptuous style, than in more obscure 
quarters ； and assuming every shade of conformity, from that 
which would be in keeping with the humblest hamlet and tamest 
landscape to the boldest features presented by Nature and Art. 
Simplicity and strength are its natural characteristics ； all orna- 
ment of detail being rejected which is not of obvious utility, and 
Bnitable to the point of view from which it must be seen ； as well 
as all attempts at boldness of general design which might mye 
ris6 to a feeling of insecurity, however unfounded in reality. The 
most, therefore, that can be tri^jed in the way of mere ornament, 
eren under the most favorable circumstances, will be to combine 
the Youssoirs of the arches with the horizontal courses of the span- 
drels in a regular and suitable manner, ~ to add a projecting cor- 
nice, with supporting members if necessary, of an agreeablepro- 
file, ~ and to give sucn a form to the ends of the piers, termeathe 
starlingSj or cut^cUerSj as shall heighten the general pleasing 
effect. The heads of the bridge, the cornice, and the parapet 
shonld also generally present an unbroken outline ； this, however, 
may be departed from in bridges where it is desirable to place re- 
cesses for seats, so as not to interfere with the footpaths ； in which 
case a plain buttress mav be built above each starling to support 

recess and its seats, me utility of which will be obvious, wnile 
it will give an appearance of additional strength when the height 
of the parapet above the starlings is at all considerable. 

562. Construction. The methods of laying the foimdationa 
of structureB of stone, &c" described under the article of Ma- 

27 
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Bonry, being alike applicable to all stmctnres whicli come nndei 
this denomination, tnere only remains to be added under this 
head whatever is peculiar to bridge-building. Either of die 
methods referred to may be emplojred in laying the fonndationB 
of the abutments and piers of a bridge, which, in the judgment 
of the engineer, may be most suited to the locality, and will be 
least expensive. JiA the foundations and their bede of the parts 
in question are greatly exposed, from the action of the current 
botn upoa the soil around them and upon the materials used 
for their construction, the utmost precaution should be taken to 
secure them from damage, by giving to the foundation-bed an 
ample spread where the soil is at all yieldinff ; by selecting the 
most durable materials for the masonry of uiese parts: and by 
employing some suitable means for securing the bed of the 
natural water-way around and between the piers from being 
removed by the current. 

563. Various expedients liave been tried to effect this last 
object; among the most simple and efficacious of which i& that 
of covering the surface to be protected by a bed of stone broken 
into fragments of sufficient bulk to resist the velocity of the 
current in the bajs, if the soil is of an ordinary clayey mud ； 
but, if it be of loose sand or gravel, the surface should be first 
covered by a bed of tenacious clav before the stone be thrown 
in. The voids between the blocks of stone, in time, become 
filled with a depoeite of mud, which, actdng as a cement, giyes 
to the mass a character of great durability. 

564. The foandation courses of the piers ahould be formed of 
heavy blocks of cut stone bonded in the most careful maimer, 
and carried up in offsets. The faces of the piers ehould be of 
cat stone well bonded. They may be built either vertically, or 
with a slight batter. Their tbickneBB at the impost ehould be 
greater than what would be deemed Bufficient under ordinary 
circumstances ； as they are exposed to the destractiye action of 
the current, and of shockfi from heavy floating bodies ； and from 
the loss of weight of the parts immerBed, owing to the buoyant 
effort of the water, their resistance is decreased. The most snc* 
cessfal bridge architects have adopted the practice of making 
the thickness of the piers at the impost between one sixth and 
one eighth of the span of the arch. The thicknefis of the piers 
of the bridge of Neuilly, near Paris, built by the celebrated 
Perrone^ wnoee works lorm an epoch in mooem bridge archi- 
tecture, is only one ninth of the span, its arches also being re- 
markable for the boldness of their curve. 

565. The usual practice is to give to all the piers tie same 
proportional thickness. It has however been recommei ded by 
Bome engineers to give sufficient thicknese to a few of the piers 
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Co resist the horizontal thrast of the arches on either side of 
them, and thus secure a part of the structure from ruin, should 
an accident happen to any of the other piers. These masses, 
to which the name almtmerU piers has been applied, would be 
objectionable from the diminution of the natural water-way that 
would be caused by their bulk, and from the additional cost for 
their construction, besides impairing the architectural effect of 
the Btracture. They present tne advantage, in addition to their 
main object, of permitting the bridge to be constructed by 
sections, and thus procure an economy in the cost of the wooden 
centres for the arches. 

566. The projection of the starlings beyond the .heads of the 
bridge, their form, and the height given to them above the spring- 
ing fines, will depend upon local circumBtances. As the main 
objects of the starlings are to form a fender^ or guard to secure 
the masonry of the spandrels, &c., from being damaged by float- 
ing bodies, and to serve as a cut-water to turn the current aside, 
ana prevent the formation of whirls, and their action on the bed 
around the foundatdons, the form given to them should subserve 
both these purpoeee. Of the different forms of horizontal section 
which have been given to Btarlings, (Figs. 107, 108， 109, 110,) 







Figs. 107, 108, Md 110— Repre- 
sent horiaontal seetloiiB of 
Btarlings A of the more usual 
forms, and Dart of tl^e pier B 
above the loandation courses. 
Fif. 109 Tepreaents the plan of 
the hood of a starlinff laid In 
I, the general shape be- 
that of tbe quarter of • 
lere. 
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the Bemi-elUpse, from experiments carefiilly made, with theBe 
ends in view, pears best to satisfy both o meets. 

The up and oown stream starlings, in tidal rivers not subject 
to freehets and ice, usnallj receive the same projectione, which, 
when their plan is a semi-ellipse, most be scHnewhat greater than 
the semi-width of the pier. Their general yertic^ outline is 
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columnar, being either straight or swelled, (Figs. Ill, 112, 113, 
114) Thej ahonld be built as high as the ordinary highest 




fig. Ill— Bepresents In elflyatloii starlings iL their hoods B, fhe TOOiBOln 0, tbe qiandnb D 
and the oombination of their ooqibm kA Joint! with 6Mh other In an OTtl troli of Hum 

oentrea. 
E, parapet; F， oornlce. 




Fig: llS»B«pm«nto In drntton the oombinattons of th* Mmt •lanMito as la Vig. Ill 

for a lUt segmental arch. 



Vic, 119— RepreMots In eleTstton the eombliutioiit of fht mom denMOli as la It^ inm tk« 

飞 ridge of NeniUy, and OTtl of matnt, 
om, enrre of intndoAi 

MS MO of drde tneed c 蘿 tlw hmd of th* bridfa. 
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Fig. Ili— BeproMnte 禽 erow wottoa 
and eleTfttfon through tUe erowa 
of Ftg, 118, Bhowtng the arrange- 
ment alao of the roadwaj, liMt- 
patha, p«np6t| and oornio*. 



water-level. They are finished at top with a coping stone to 
preserve the mafionry from the action of rain, &c. : this stone, 
termed the hood, ma,j receive a conical, a spheroidal, or any 
other fihape which will subserye the object in view, and produce 
a pleasing architectural effect, in keeping with the locality. 

In Btreams subject to freshets and ice, the up stream starling 
should receive a irreater proiection than those do 
moreover, be b 



I greater proiection than those down stream, and, 
imt in the form of an inclined plane (Fig. 115) 
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Fig. llMUanmaiM ft aide eleyatton U 
and plan If of • pter of the Potoouo 
•qnadnet, ami^ped with «a lee- 

A, np-fltretm sUntag, with the Inclin- 
ed loe-breaker D whloh tIsm ftom 
the low-water l6T«l tboTB tkat of th« 
higbast fr«sbata. 

Bt down-fltream utarling 

0, Cmm of pier. 

Ei top of pier. 

F, horizontal prqjaotioa of top of io6» 
HMkar. 

00, horlxontol ]»ra|)«ottoii of flwee of 
in«r ftud ftarliiigk 




G 




to facilitate the breaking of the ice, and its passage through 
the arches. 

667. Where the banks of a water-course spanned by a bridge 



am ibotnut A with anrrtd wlu-wiUi B, 




the two wing-vallB. Jn. othera (Fig. 117) 
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ft reetaogoIar-Bnaped bnttreae ib bnilt back from the centre b 
ijl the abutment, and is connected with tha win^ walls either 
horizontal arches, or by a vertical cross tie-walL 

569. The wing-walla may be either plane surface waits (F 
118) arranged to make a given angle withtlie heads of the bndj 
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tiiat of the foo^tli, or roadway, and be slightly doped oufr 
ward; the bottom Booold be enanged vith a Bitoable MTflMM*] 



Flc.llt— BaimHnli awettomtlnraiktkiuli of apkr *f Md|> talK •( itaH wItt MA 

or drip, to prevent the water fix>m finding a passage along iti 
tinder surface to the face of the vail. 
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have a character of lightneea, like those with flat segmeat arches, 
the parapet may consist of alternate panels of plain wall and 
bidustradee, provided this arrangement be otherwise in keeping 
with the locality. The exterior face of the parapet shoula not 
project beyond that o£ the heads. The blocks of which it is 
formed, and particularly those of the coping, should be finnly 
secnrea with copper or iron cramps. 

574. The width of the roadway and of the footpaths will be 
regulated by the locality; being greatest where the thoroughfarea 
connected bv the bridge are most frequented. They are made 
either of broKen, or of payingstone. Taej should be bo arranged 
that the surface-water from rain shall run quicklv into the Bide 
channels left to receive it, and be conducted trom thence by pipes 
which lead to vertical conduits (Fig. 121) in the piers that nave 
their outletB in one of the faces of the piers, and below the 
lowest water-level. 

675. Strong and durable stone, dressed with the chisel, or 
hammer, shomd alone be used for the masonry of bridges where 
the span of the arch exceeds fifty feet. T!ke interior of the 
piers, and the backing of the abutments and head-walls may, for 
economy, be of good rSbble, provided great attention be bestowed 
upon the bond and workmanship. For medium and small spans 
a mixed masonrj of dreased stone and .rubble, or brick, may be 
used ； and, in some cases, brick idone. In all these cases (Pigs. 
122, -124) the starlings, ~ the foundation courses, ~ the impost 
stone, ~ tne ring courses, at least of the heads, ~ and the key- 
Btone, should be of good dressed stone. The remainder may be 
of coursed rubble, or of the best brick, for the facing, with good 
rubble or brick for thefillingB and backings. In a mixed masonry 
of this character the courses of dressed stone maj project slight- 
ly beyond the smfaceB of the rest of the stracture. The archi- 
tectural effect of this arrangement is in some degree pleasing, 
particularly when the joints are chamfered ； and the method is 
ob vionslj^ nsefdl in structures of this kind, as protection is af- 
forded by it to the surfaces which, from the nature of the mate- 
rial, or the character of the work, offer the least reBistance to the 
destructive action of floating bodies. Hydraulic mortar should 
alone be used in everypai the masonry of bridges. 

576. Ajoproaches. lie arrangement oi the approaches will 
depend upon the number and direction of the avenues leading to 
the bridge, ~ the width of the avenues, and their position above 
or below the natural surface of the ground, ~ and the locality « 
The principal points to be kept in view in their arrangement are 
to procure an easy and safe access to the bridge for yddcles, and 
not to obstruct unnecesBarUj the channel% for pnrpoees of navi* 
gation, which may be requisite under the extreme arcIieB.^ 
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When the aTenne to the bridge is, by an emb&nkment, in die 
ue line as its axis, and tlie roadway and bridge are of the same 
dth, die head-walU of the bridge ^g. 125) may be prolonged 
fficientlT far to allow the foot m the embankment slope to fall 
thin a few feet of the crest of the slope d[ the water-couree ； 
is portion of the emb&nkment slope being aliBped into the form 
a quarter of a cone, snd rereted wl& diy stoae or sods, to pre- 
Tfl its surface from the action of rain. 
When several 
*Jie roadwaj 



the action of rain. 
iQ several avenneB meet at a bridge, or where &e width 
direct avenue is greater than that of the 
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bridge, the approaches are made by gradually irideniiig the out- 
let from^e bndge, until it attains tue requiutevidtlijliy meauB oi 
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wing-walls of anj of the qbiuI forma that may suit Hie loot 
The form of winjf-wall (Fig. 126) preseotiiig a concave sni 
oatward is luiiaUj preferrod when suited to the locality, 
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fcr its architoctural efiect and its strength. Wben made ot 
di eased stone it is of more difficult c<mitnietioti and num nfr 
ponsiTe than the plane Bnr&ce vaU. 
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Li order that the approaches may not obstruct the com- 
municatioDS along the banks for the purposes of navigatiin, au 
arched pasea^waj will, in most cases, oe requisite under the 
roadway of me approach and behind the abutment of the ex- 
treme arch, for horses, and, if necessary, vehicles. When the 
form of the arch will admit of it, as in flat Begment arches, a 
roadway, projectinff beyond the face of the abutment, may be 
made under me arcn for the same purpose. 

677. Water-wmga. To secure the natural banks near the 
bridge, and the foundations of the abutments from the action of 
the current, a facing of dry stone, or of masonry, should be laid 
upon the slope of the banKS, which should be properly prepared 
to receive it, and the foot of the facing mnst be secured by a 
mass of loose stone blocks spread over the bed around it, in ad- 
dition to which a line of sqnare-j ointed piles may be previonely 
driven along the foot. Wnen the face of the abatment projects 
beyond the natural banks, an embankment faced witn stone 
should be formed connecting the face with points on the natural 
banks above and below the bridge. By this arrangement, 
termed the vxUer-wmgs^ the natural water-way will be gradu- 
ally contracted to conform to that left by the bridge. 

578. Erdargemmt of Waterway. In the fall centre and oval 
arches, when the springing lines are placed low, the spandrels 
present a considerable surface and obstruction to llie ctixrent 
auring the higher stages of the water. This not only endangers 
the safety of tne bridge, by the accumulation of driit-wood and 
ice whicn it occasions, but, during these epochs, gives a heavy 
appearance to the structure. To remedy these defects the solid 
angle, formed by the heads and the soffit of the arch, may be 
truncated, the base of the cuneiform-shaped mass taken away 
being near the springing lines of the arch, and its apex near the 
crown. The form of tne detached mass may be variously ar- 
ranged. In the bridge of Neuilly, which is one of the first where 
this expedient was resorted to, the surface, marked F, (Figs. 113， 
114,) left by detaching the mass in question, is warped, and lies 
between two plane curves, the one an arc of a circle n o、 traced 
on the head of the bridge, the other an oval m o op^ traced on 
the soffit of the arch. This affords a fnnnel-shaDea water-way 
to each arch, and, during high water, gives a light appearance 
to the structure, as the voussoire of the head ring-course have 
then the appearance of belonging to a flat se^ental arch. 

579. Cervbrea. The framing of centres, and the arrangement 
for striking them, haying been already fally explained under the 
article Framing, witli illustrations taken from some of the most 
celebrated recent stnictures, nothing further need be here added 
than to point out the necessity of great care both Id the combi' 



STONE ^BIDGES 



228 



oatlon of the frame, and in its mechanical execution, in order 
to prevent any chan^ in tlie form of the arch while under con* 
Btraction. The English engineers have generally been mora 
saccesBful in this respect than the French, xhe latter, in several 
of their finest bridges, used a form of centre composed of seve 
ral polygonal frames, with short sides, bo inscribed within each 
other tnat the angles of the one corresponded to the middle of 
the sides of the oflier. The sides of each frame were united by 
joints, and the Beries of frames secured in their respective poBi • 
tions by radial pieces, in pairs, Botched upon and bolted to the 
frames, which they clamped between them. A combination of 
this character can preserve its form only under an equable 
preesnre distributed over the back of the extericnr polygoii. 
When applied to the ordinary circumstancee attending the con- 
struction of an arch, it is found to undergo successive changes 
of shape, as the voussoirs are laid on it ； rising first at the crown, 
then yielding at the same point when the kej-etone and the ad- 
jacent vonflsoire are laid on. The English engineers have gen- 
erally selected those combinations in 4ich, the pressures being 
transmitted directly to fixed pointa of support, no change of 
form can take place in the centre but wnat arises from the 
contraction or elongation of the parts of the frame. 

580. Oeneralllemarks. The architecture of Btone bridges hae, 
within a Bomewhat recent period, been carried to a very high de- 
gree of perfection, both in design and in mechanical execution. 
Stance, in this respect, has given an example to the world, andhag 
found worthy rivals in the rest of Europe, and particularly in 
Great Britain. Her territory is dotted over witn innumerable 
fine monuments of this character, which attest her solicitude as 
well for the public welfare as for the advancement of the in- 
dustrial and liberal arts. For her progress in this branch of 
architecture, France is nudiilj indebted to her School and her 
GorpB of PofUe et Cha/ussies: inetitutions which, from &e time 
of her celebrated engineer Perronet, have supplied her with a 
Icng line of names, imke eminent in the sciences and arts which, 
pertain to the profession of the engineer. 

England, altnough on some points of mechanical skill pertaiB- 
ing to the engineer's art the superior of France, holds the second 
rank to her in the science of her engineers. Without establiBh- 
ments for professional training correspondiDg to those of France, 
the Enfflieh eneineerB, asabodj, have, untiiwithin a few years, 
laboredunder £e disadyantage of having none of those inetita- 
lions which, by creating a common bond of union, serve not onljr 
to difiuBe science throughout the whole body, but to raise ment 
to its proper level, and rrown down alike, through an enlightened 
esprit de coTp€^ the aeBumptioiis of ignorant pretension, and tho 
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malevolence of petty jealousies. Althongh, as a body, less ad 
vantafeouslj placed, in these respects, than their more thorough* 
bred brethren of France, the engineers of England can point, 
^th a iust feelinfiT of pride, not only to the monumentB of their 



^th a just feeling of pride, not only to the monumentB of I 
skill, but to individual names among them which, acbieTed 
nnder the peculiar obstacles ever attendant upon self-education, 
yet stand in the first rank of those by whose genius the industrial 
arts have been advanced and ennobled. 

The other European States have also contributed largely to 
bridge architecture, although their efforts in this line are lees 
-widdy known through their publications than those of France 
and llngland. Amonj? the many bridges belongingto Italy, maj 
beruBtly cited the far-iamed RiaUo / me bridge of oanta Trinita 
at Florence, the curve of whose intrados was so long a mathe- 
maticalpiizzle; and the recent single arch over the DoraSipaTia 
near Turin. , 

In the United States, the pressing immediate wants of a jonns 
people, who are still without that accumulated capital by whicn 
alone sreat and lasting public monuments can be raised, have pre* 
venteamuch being done, in bridge building, except of a temporary 
character. The bridges, viadacts, and aqueducts of stone in our 
country, almost without an exception, have been built of rustic 
work llurough economical consideratione. The selection of this 
kind of masonry, independently of its cheapness, has the merit of ap- 
propriateness, when taken in connection with the natural features 
of toe localities where most of theHstructures are placed. Among 
the works of this class, may be cited the railroad bridge, called the 
Thomas Viad/uct, over the Patapsco, on the line of me Baltimore 
and Wafihington railroad, d^imed and built by Mr. B. H.Latrobe, 
the engineer of the road. Tms is one of the few existing brids^ 
Btractures with a curved axis. The engineer lias very happily 
met the double difficulty before him, of Deinffobliged to adopt a 
curved axis, and of the want of workmen sumciently convenBaiit 
with the application of working drawings of a rather compli- 
cated character, by placing full centre cylindrical arches upon 
Qiers with a trapezoioal horizontal section. This Btructnre, with 
tne exception of some minor details in rather questionable taste, 
as the slight iron parapet railing, for example, presents an in 
eing aspect, and does great creait to the intelligence and ski] 
the engineer, at the time of its constraction, but recently launch^ 
in a new career. The fine single arch, known as the Coa 
Vi4ichct^ on the Baltimore and Ohio railroad, Ib also highly < 
able to the science and skill of the engineer and mechanics under 
whom it was raisd. One of the largest bridges in the United 
States, de8igne4 and partly executed in stone, ie the PoUmas 
Aqiiedttct at Georgetown, where the Chesapeake and Ohio canal 
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intenects the Potomac river. This work, to which a wooden 
superstructure has been made, was built under the superintend- 
ence of Captain TumbuU of the U. S. Topographical Engineers^ 
In the published narratiye of the progress of this work, a very fuU 
account is given of all the operations, in which, while the re- 
sources and skill of the engineer, in a very difficult and, to him, 
untried application of his art, are left to be gathered by the reader 
from the successful termination of the undertaking, his failures 
are stated with a candor alike creditable to the man, and worthy 
of imitation by every engineer who prizes the advancement of his 
art above that personal reputation which a less trathful course 
may place in prospect before him. 

581. The following table contains a summary of the principal 
details of some of the more noted stone bridges of Europe. 
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(A) This fine structure, designed and built by the celebrated 
Perronet, forms an epoch in bridge architecture, from the bold- 
ness of its design, its skilful mechanical execution, and the simple 
but appropriate character of its architectural details. The curve 
of the intrados is an oval of eleven centres, the radius of the arc 
at the spring being 20.9 feet, and that of the arc at the crown 
159.1 feet. The engineer conceived the idea of giving to the 
soffit a funnel shape, by widening it at the heads, from the crown 
to the springing line. This he effected by connecting the soffit 
of each ardi and the heads by a warped surface, which passed, 
on the one hand, through a flat circular arc, described upon the 
heads through the points of the crown and the top of the two ad- 
jacent starlings, and, on the other, through two curves on the 
soffit, cut out by two vertical planes, oblique to the axis, passed 
through the highest point of the curve on the heads, and through 
points on the two respective springing lines of the arch. The ob 
lect of this arrangement was twofold ； first, — as the springing lines 
WTO placed at the low-water level, the bridge, during the season, 
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of high water, would have appeared rath 枕 heavy, as the grealef 
part of the soifit, at this period, would have been under water,— 
It gave the bridge a lighter appearance during the epochs of hiffb 
water ； and, second, as the obstructioB to Uie free flow of the 
water from the spandrels ^ould be yeiy considerable at the eame 
periods, the iiinnel form given to the soffit at the heads pertiaUy 
remedied this inconvenience. 

The axis of the roadway, the cornice, and all the correspmd- 
ing architectural lines were made horizontal, a feature in bridge 
architecture which the reputation of Perronet has since rendered 
classical ； and to obtain which points truly essential conditions 
have in some more recent structures been sacrificed. 

The abutments are 32 feet thick at the springing lines, and the 
piers but 13.8 feet at the same point, giving an example of judi- 
cious boldness combined with adequate strength, on scientific 
principles, which had been partially lost sight of by preceding en* 
gineers in designing this part of bridges. 

The centres of th« ^feuilly bridge were designed upon the 
faulty principle of concentric polygonal frames. Perronet was 
aware of the inconveniences of this combination, and in no pait 
of the construction of the bridge than in this was more Ba^ 
forethought displayed by him, in providing for foreseen c<nii 
cies, nor greater resources and skill in remedying those which 
could not have been anticipated. As oversight, rather more 
Berious in its consequences, was committed in widening the natu- 
ral water-way of the river where the bridge was erected ； the 
effect of this has been a gradual deposition near the bridge, and 
an obstruction of the navigable channeis. 

The bridge of Neuilly is a noble monmnent of the genius and 
practical skill of its engineer. The style of its architecture, both 
as a whole and in its several parts, is imposing and in the best 
taste. 

(B) This bridge was built after the designs o£ Perronet. Se« 
duced by a thorough knowledge of the capabilities of his art, the 
engineer was led, in planning this Btructure, into the error of 
sacrificing apparent strength, for the purpose of producing great 
boldness and lightness of design. This he effected by placing 
very flat segment arches upon piers formed of four columns ； the 
two, forming the starlings, being united to the two adjacent by a 
connecting wall, an interval being left between the two centre 
columns. The diameters of the columns are 9.6 feet, with the 
same interval between ttiem. 

The engineer who constructed the bridge, apprehenshre appa<* 
renlly for its safety, introduced into the courses of the pien and 
of the arches a large quantity of iron ties and cramping pieces, « 
measure of precaution whicOy if necessary, ought to liaTe con 
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lemned the original designs, although supported by the hiffh 
tnUionty oi Peironet, and caused others to be substituted for 
them. 

(C) This bridge, now designated as the Pont de PEcole Mili 
tatre^ from its looEtlity, and the bridge of Rcuen, are built upon 
nearly the same designs. The former is a model of architectural 
teste and of akilful workmanship. Its horizontal architectural 
hoes, its fine cornice, copied from that of the temple of Mars the 
Avenger^ and the sculptured wreath on its spandrels, form a 
whole of singular beauty. 

(D) This bridge, designated when first built as the Strand 
Bridge, is worthy of the great metiopoliB in which it is placed. 
The engineer, innuenced perhaps by other examples of the same 
character in the vicinity of this structure, has placed small col- 
umns upon the starlings, which support recesses with seats for 
foot-passengers, and has thus, in no inconsiderable degree, de- 
priyed the bridge of that imposing character which its massive- 
ness, and the excellent material of which it is built, could not 
otherwise have failed to produce. 

(£) This fine ellipticeu arch is, in some respects, built in imi- 
tation of the Neuilly bridge, with a funnel-shaped soffit. Its gen- 
oral architectural enect is heavy, and its mere ornamental parts 
are in questionable taste. The details of its construction are 
alike monuments of the eminent professional skill, and of the 
truthfulness of character of the great engineer whoplanned and 
saperintended it In his narrative of the work, Mr. Telford takes 
blame to himself for oversights and unanticipated results, in which 
the scrupulous care that he conscientiou&ly brought to every un- 
dertaking committed to him is unwittingly thrown into bolder 
relief, by the very confession of his failures ； and a lesson of in- 
struction IB conveyed, more preffnant with important consequences 
to the advancement of his proiession than tne recording of hun- 
dreds of successful instances only could have furnished. 

(F) This noble work of Sir John Reimie must ever rank amonff 
the master-pieces of bridge architecture, in every point by which 
this class of structures should be distinguished. For boldness, 
strength, simplicity, inassiveness without heaviness, and a happy 
adaptation oi design to the locality, it stands unrivalled. The 
beauty which is generally recogniaed in a lerel bridge has, in 
this, hem judiciously sacrificed to a well-judged economy ； and 
the. artificial approaches have thus been accommodated to the 
existing, by decreasing the dimensions of the arches from the 
centre to the two extremities. The square plain buttresses, 
which rise above the starlings and support the recesses for seats, 
■le of farther obvious utility in strenffthening the head-wallt, 
irhich, at these points are ox considerable hei^t ； and they abr 



228 



BRIDGES, ETC 



prodi ce, in this case, a not unpleasing architectural effect, it 
separating the unequal arches, without impairing the unity of the 
general design. 

(G) This is the boldest single arch of stone now standing, and 
18 a splendid example of architectural design and skilful workman 
ship. The soffit oi the arch is made slightly funnel-shaped, which 
gives the bridge an air of almost too great boldness. The cornice, 
which is copieid from the same model as that of the bridge of 
Jena ； the conyex cylindrical-shaped wing-walls, which give an 
approach of 144 feet between the parapets ； with the other archi* 
tectural accessories, have made this bridge a model of good taste 
for imitation under like circumstances. From the omission of a 
usual architectural member, there is perhaps a slight feeling of 
nakedness produced on the mind of Uie rigid cmnoisseur in art, 
on first seeing this structure, and its beauty is in some degree 
marred by this want. 

The abutments of this bridge are 40 feet thick at the founda- 
tions, and, besides the wing-walls, are strengthened by two coun- 
terforts 20 feet long and 10 feet wide. 

(H) The span of this arch is the widest on record. For 
architectural effect this bridge presents but little to the eye that 
is commendable ； for this the engineer who superintended it is 
hardly responsible, except so far as, from professional sympathy 
and respect for a deceased member of the profession, he was led 
to adopt the designs of another. The abutmei^ts form a continua- 
tion of the arch ； and the other details of the construction through- 
out exhibit that thorough acquaintance with their art for which 
the Hartleys, father and saij, are well known to the profession. 

582. The practice of bnage building is now generally the same 
throughout the civilized world. In France, the method of laying 
the foundations by caissons has, in most of their later works, oeen 
'preferred by her engineers to that of coffer-dams ； and in the su- 
perstructure of their bridges the French engineers haye«generally 
filled in, between the arches and the roadway, with solid materiaL 
In some of these bridges, as in that of Bordeaux, where appre- 
hension was felt for the stability of the piling, a mixed masoniy 
of stone and brick was used, and the roadway was supported by 
a system of light-groined arches of brick. Among the recent 
French bridges, presenting some interesting features in their con- 
struction, may be cited that of Souillac over the Dordogne. The 
river at this place having a torrent-like character, and the bed 
being of lime-stone rock with a very uneven surface, and occa 
sional deep fissures filled with sand and gravel, the obstacle tc 
using either the caisson, or the ordinary cofTer-dam for the foun* 
dations, was very great. The engineer, M. Vicat, so well known 
9y his researches upon mortar, &c., devised, to obyiate tlieac 
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iifficulties, the plan of enclosing the area of each piei Dy a coffer 
work accurately fitted to the surface of the bed, and of filling thin 
with beton to form a bed for the foundation courses. This he 
effected, by first forming a frame-work of heavy timber, so ar, 
ranged that thick sheeting-piles could be driven close to the bot- 
tom, between its horizontal pieces, and form a well-jointed vessel 
to contain the semi-fluid material for the bed. After this coffer- 
work was placed, the loose sand and gravel was scooped from 
die bottom, the asperities of the surface levelled, and the fissures 
were voided, and refilled with fragments of a soft stone, which it 
was found could be more compactly settled, by ramming, in the 
fissures, than a looser and rounder material like gravel. . On this 
prepared surface, the bed of beton, which was from 12 to 15 feet 
in tnickness, was gradually raised, by successive layers, to with- 
in a few feet of the low-water level, and the stone superstructure 
then laid upon it, by using an ordinary cofFer-dam that rested on 
the frame-work around the bed. In this bridge, as in that of 
Bordeaux, a provisional trial-weight, greater than the permanent 
load, was laid upon the bed, before commencing the superstruc- 
ture. 

To give greater security to their foundations, the French usually 
surround them with a mass of loose stone blocks thrown in and 
allowed to find their own bed. Where piles are used and pro- 
ject some height above the bottom, they, m some cases, use, be- 
sides the loose stoi^, a grating of heavy timber, wiiicn lies between 
and encloses the piling, to give it greater stiffiiess and prevent 
outward spreading. In streams of a torrent character, where the 
bed is liable to be worn away, or shifted, an artificial covering, 
or apron of stone laid in mortar, has, in some cases, been used, 
both under the arches and above and below the bridge, as far as 
the bed seemed to require this protection. At the bridge of Bor- 
deaux loose stone was spread over the river-bed between the 
piers, and it has beefi found to answer perfectly the object of the 
ingineer, the blocks having, in a few years, become united into a 
firm m^ss by the clayey sediment of the river deposited in their 
interstices. At the elegant cast-iron bridge, built over the Lary 
near Pljrmoulh, resort was had to a similar plan for securing the 
bed, which is of shifting sand. The engineer, Mr. Rendel, nere 
laid, in the first place, a bed of compact clay upon the sand bed 
between the piers, ahd imbedded in it loose stone. This method, 
which for its economy is worthy of note, has fully answered the 
expectations of the engineer. • 

The English enmneers have greatly improved the method of 
cenb^ng, and, in their boldest arches, any settling approaching 
that which the French engineers usually counted upon, on striking 
fliciT centres, would now be regarded as an evidence of great de 
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feet in the design, or of very unskilful workmanship. Th^ 
have generally, in their recent bridges, supported their rwlway 
either upon nat stones, resting on light walls built parallel to the 
heads, or else upon light cylindrical arches laid upon piers having; 
the same direction. In the preparation for laying the beds of their 
foundations, they have generally preferred the coffer-dam to any 
other plan, although .in many localities the most expensive, on 
account of the greater facility and security offered by it for carry- 
ing on the work. They have not, until recently, made as exten- 
sive an application of beton a9 the French for hydraulic purposes, 
and, from naving mostly usee what is known as concrete among 
their architects, nave met with some signal failures in its employ- 
ment for these purposes. 

WOODEN JBRnXJES. 

583. A wooden bridge consists of three essei;itia] parts : 1st, 
the abutments and piers which form the points of support for 
the bridge frame ； 2d, the bridge frame which Btipports the su- 
perstructure between the pier? and abutment ； 3a, the super- 
Btructure, consisting of the roadway, parapets, roofing, &c. 

684. The abutments and piers may be either of. stone, or of 
timber. Stone supports are preferable to those of timbef, both 
on account of the superior durability of stone, and of its offering 
more security than frames of timber against the accidents to 
which the piers of bridges are liable from freshets, ice， &c. 

585. The fonis, dimensions, and construction of stone sibut- 
»nents and piers for wooden bridges will depend, like those for 
stone bridges, upon local circumstances, ana the kind of bridge- 
frame adopted. If the bridge-frame is so arranged that no lateral 
thrust is received from it by the piers, the dimensions of the latter 
should be regulated to support the weight of the bridge-frame 
and its superstructure, and to resist any action arising from acci- 
dental causes, as freshets, ice, &c. The forms and dimen- 
sions of the abutments, under the like circumstances, will be 
mainly regulated by ihe pressure upon them from the embank- 
ments of the approaches. 

686. If the bridge-frame is of a form that exerts a lateral 
pressure, the dimensions of the abutments and piers must be suit 
ably adapted to resist this action, and secure the supports from 
being ovei turned. Abutment-piers may be used witn advantage 
in this case, as offering more security to the structure than sim- 
ple piers, when a frame between any two supports may require 
to be taken out for repairs. The starlings should in all cases be 
carried above the line of the highest water-level, and the portior 
of the pier above this line, which supports the roadway bearen 
may be built with plane faces and encb. 



WOODBN BUDOBB. 



687. Wooden Bbutments may be formed by conEtnicting what 
， lenned a crib-work, which consists of large pieces of Bquarr 
• tunber iaki horisoiitdly upon each other, to form the upright, oi 
； bcea of Uie abutment. These pieces are halved into e 
e angles, and are othenviBe 
I tiea aod iion bolts. The space en 
b i, usually built up in the manner just described, only 
a thiee sides, is fillea with earth carefully rammed, oi witli dry 
lUme, as circumstanceB may seem to require. 
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Wooden pier* may 
to either of the methods here laid down, and be fi 
> Mone, to give them sufficient stability to resist the 
rbich they may be exposed ； but the tneinod is clumsr, 
sod inferior, under eyery point of How, to stone piers, or to tne 
methods which are about to be expluined. 

5S8. The simplest arrangement of a wooden pier consists 
(Fig, 127) in driving heavy square or round piles in a Btngle 
•ow, placing them bom two to four feet apart. These upright 
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pieces are sawed off level, and connected at top by a horizontal 
oeam, termed a cap, wliich is either mortised to receive a tenon 
made m each upright, or else is fastened to the uprights by boltfl 
or pins. Other pieces, which are notched and bolted in pairs on 
the sides of the uprights, are placed in an inclined, or diagona] 
position, to brace the whole system firmly. The several uprights 
of the pier are placed in the direction of the thread of the current 
If thought necessary, two horizontal beams, arranged like the. 
diagonal pieces, may be added to the system just below the lowest 
water-level. In a pier of this kind, tte place of the starlings is 
supplied by two inclined beams on the same line with the up- 
rights, which are termed fender^ams. 

589. A strong objection to the system just described, arises 
from tne difficulty of replacing the uprights when in a state 
of decay. To remedy this defect, it has been proposed to drive 
large piles in the positions to be occupied by the uprights, (Fig 
128,) to connect these piles below the low-water level by four 
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horizontal beams, firmly fastened to the heads of the piles, 
which are sawed off at a proper height to receive the horizontal 
beams. The two top beams nave larg^ square mortises to re- 
ceive the ends of the uprights, which rest on those of the piles. 
The reist of the system may be constructed as in the former case. 
By this arrangement the uprights, when decayed, can be readily 
replaced, and they rest on a solid substructure not subject to de- 
cay ； shorter timber also can be used for the piers than when the 
uprights are driven into the bed of the stream. 

690. In deep water, and especially in a rapid current, a single 
row of piles might prove insufficient to give stability to the up 
rights ； and it has therefore been proposed to give a sufficient 
spread to the substructure to admit of bracing the uprights by struts 
on the two sides. To effect this, three piles (Fig. 129) should 
be driven for each upright ； one just under its position, and the 
other two on each side of diis, on a line perpendicular to of 
Ihe pier. The distance between the three piles Anil depend on 
the incliDation and length that it may be deemea necessaiy to 
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est water、 A square mortise is left in these two pieces, over tba 
middle pile, to receive the uprights. The uprights are fastened 
together at the bottom by two clamping pieces, which rest on 
those that clamp the heads of the pilee, and are rendered firmer 
by the two atruta. 

591. In localities where piles cannot be driven, the upriehu 
of the piers may be secured lo the bottom by means of a grating, 
arrai^ed in a suitable manner to receive the ends of the uprights. 
The Bed, on which the •grating is to rest, having been suitably 
prepared, it is floated to its poaition, and sunk cither before or 
after the uprighla are fastened to it, as may be found most con- 
Tenient. The grnting is retained in its place by loose stone. 
As a farther security for the piers, the uprights may be covered 
by ft sheading of boards, and the spaces between the sheathins 
be filled in with gravel. Wooden piers may also be construct ed, 
if neceasary, of two parallel rows of uprights placed a few feet 
ipart, and connected by cross and diagonal ties and braces. 

592. As wooden pien are not of a suit^le form lo resist heavy 
■bocks, ice-breakers should be placed m the Btream, opposite to 
each pier, and at some distance £roqi it. In streams mm a gen- 
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be all that is necessary for an ice-luwiker. But in nq>id cuntnia 
• orib-woik, having toe form <tf a trianguUt pTraniid, (Fig. 131， 
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Itie form of bolts, ties, &c" than frames of straight timber, and 
more costly mechanical contrivances for putting the parts together, 
«nd setting the frame upon its supports. 

590. The number of ribs in the bridge-frame will depend oa 
the general strength required by the object of the structure, and 
upon the class ofirame adopted. In the first class, in whicii the 
roadway is usually above the frames, any requisite number of ribs 
may be used, and they may be placed at equal intervals apart, 
or else be so placed as to give the best support to the loads Wnich 

I)aBS over the oridge. In the second class, as the frame usually 
ies entirely, or projects partly above the roadway, &c" if more 
than two ribs are required, they are so arranged that one or two, 
as circumstances may demand, form each head of the bridge, and 
one or two more are placed midway between the heads, so as to 
leave a sufficient width of roadway between the centre and adja- 
cent ribs. The footpaths are usually, in this case, either placed 
between the two centre ribs, or, when there are two exierior ribs, 
between them. 

697. The manner of constructing the ribs, and of connecting 
tbem by cross ties and diagonal braces, is the same for bridge 
frames as for other wooden structures ； care being taken to ob- 
tain the strength and stiffness which are peculiarly requisite in 
wooden bridges, to preserve them from the causes of destructi 
bility to which they are liable. In frames which exert a lateraJ 
pressure against tneH abutments and piers, the lowest points of 
the frame-work should be so placed as to be above the ordinary 
high-water level ； and plates of some metal should be inserted at 
those points, both of the frame and of the supports, where the 
effect of the pressure might cause injuiy to the woody fibre. 

598. 'The roadway usually consists oi a simple flooring formed 
of cross joists, termed the roadway-bearers, or floor-girders, and 
flooring-boards, upon which a road-covering either of wood, or 
stone is laid. A more common and better arrangement of the 
roadway, now in use, consists in laying longitudinal joists of 
Bmaller scantling upon the roadway-bearers, to support the 
flooring-boards. This method preserves more effectually than 
the otner the roadway-bearers from moisture. Besitfes, in 
bridges which, from the position pf the roadway, do not admit 
of vertical diagonal braces to stiffen the frame-work, the only 
means, in most cases, of effecting this object is in placing hon 
zontal diagonal braces between each pair of roadway-bearers 
For like reasons, stone, road-coverings for wooden bridges ara 
generally rejected, and one of plank used, which, for a horse 
track, should be of two thicknesses, so that, in case of repairs, 
trifiing from the wear and tear of travel, the boards resting upon 
the flooring-joists may not require to be reiApved The footpathi 
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consist flimply (f a slight flooring of sufficient width, which ft 
usually detached from and raised a few inches above the roadwA> 
surface. 

699. When the bridge-frame is beneath the rc&dway, a distinci 
parapet will be.requisite for the safety of passengers. This may 
be formed either of wood, of iron, or of the two combined. It :s 
most generally made of timber, and consists of a hand and foot 
rail connectea by upright posts and stiffened by diagonal braces 
A wooden parapet, besides the security it gives to passengers, 
may be made to ddd both to the strength and stifmess oi the 
bridge, by constructing it of timber of a suitable size, and con 
•necting it firmly with the exterior ribs. 

600. In bridge frames in which the ribs are above the roadway, 
a timber sheathing of thin boards will be requisite oa the sides, 
and a roof above, to protect the structure from the weather. The 
tie-beams of the roof-trusses mav serve also as ties for the ribs 
at top, and may receive horizontal diagonal braces to stiffen the 
structure, like those of the roadway-bearers. The rafters, in the 
case in which there is no centre rib, smd the bearing, or distance 
between the exterior ribs, is so great that the roadway-bearers re- 
quire to be supported in the middle, may serve as points of sup- 
port for suspension pieces of wood, or of iron, to which the middle 
point of the roadway-bearers may be attached. 

601 • When the bridge-frame is beneath the roadway, the floor- 
ing, if sufficient projection be given it beyona the head, will pro- 
tect it from the weather, if the depth of the ribs be not very great. 
In the contrary case a side sheathing of boards may be requisite. 

602. The frame and other main timbers of a wooden bridge 
will not require to be coated with paint, or any like composition, 
to preserve them from decay when they are roofed and boarded 
in to keep them dry. When this is not the case, the ordinary 
preservatives against atmospheric action may be used for them. 
The under surface and joinis of the planks of the roadway may 
be coated with bituminous mastic when used for a horse-track ； 
in railroad bridges a metallic covering may be suitably used 
when the bridge is not traversed by horses. 

603. Wooden bridges can produce but little other architectural 
effect than that which naturally springB up in the mind of an 
educated spectator in regarding any judiciously-contrived stnic- 
ture. When the roadway and parapet are aboyo the bridge- 
frame, a very simple cornice may be formed bjr a proper conci- 
liation of the roadway-timbers and flooring, which, witn the para- 
pet, will present not only a pleasing appearance to the eye, but 
will be 01 obvious utility in covering tne parts beneath from the 
weather. In covered bridges, the most tnat can be done will be 
to paint them with a* uniform coat of some subdued tint.- A 
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best, from their want of height as compared with theii lengthy 
covered wooden bridges must, for the most party be only unsightly 
and also apparently insecure structures when looked at from such 
a point of view as to embrace all the parts in the field of vision ； 
and any attempt, therefore, to disguise their true character, and to 
give them by painting the appearance of houses, or of stone arches, 
while it must fail to deceive even the most ignorant, will only be- 
tray the bad taste of the architect to the more enlightened judge. 

604. The art of erecting wooden bridges has been carried to 
ffreat perfection in almost every part of the world where timber 
has, at any period, been the principal building material at the 
disposal 01 the architect. The more modern wooden bridges of 
Switzerland and Germany occupy in Europe the first rank, for 
boldness of design and scientific combination in their arrangement 
and construction. These fine foreign structures have been even 
Buipassed in the United States, and our wooden bridges and the 
skill of our engineers and carpenters, as shown through them, 
have become deservedly celebrated throughout the scientific 
world. The more recent structures of this class are peculiarly 
characterized for simplicity of arrangement, perfection m the me- 
chanical execution, and boldness of design. If they are open to 
the charge of any fault, it is to that of too great boldness of de- 
sign, in spanning very wide bays with ribs of open-built beams 
either unsupported, or but imperfectly so, at intermediate points, 
by any combination of struts and corbels, or straining beams. 
The want of these additions is more or less apparent in the great 
ribratory motion felt on some of the more recent railroad and 
other bridges, and in a consequent disposition in the frame to 
work loose at the joints and sag. 

605. The following Table contains the principal dimensions 
of some of the most celebrated American and European wooden 
bridges. 



1 »AMB, rrc or brums. 


Number of 
bays. 


width of 
widest bay. 


Rise or depth 
of rib. 


Bridge of Schaffhaosen, (A) • . 


3 


193 ft. 




Bridge of Kandel, (B) . . . . 




166 " 




Bridge of Bamberg, > • 
Bridge of Freysingen, J ^ ' • • 




208 " 


16.9 ft. 


9 


163 " 


11.6 " 


Essex bridcre, (D) . . / . 




850 " 




Upper Schuylkill brid^, (E) • • 




340 " 


20 " 


Market-street bridge, (F) • • • 


3 


195 '* 


13 « 


TrentoD bridge, (G) .... 


5 


200 " 


27 ，、 


Colombia bridge, (H) . 

Riehmond bridge, (I) . • . . 

Springfield bridge, (K) . 


39 


800 " 




19 


153 " 


16.4 " 


7 


180 " 


16 « 



(A) This celebrated Swiss bridge, built by John Ulrich Gm 
benmann, ,a carpenter, consisted of two bays, the one 198 and 
the other 172 feet. The bridge-frame was formed of two ribt 
with a roadway between them. Each rib was framed, in some 
respects, on the same principle as an open-built beam, the uppef 
string being supported by a number of inclined struts wnicfa 
rested against the abutments and pier, and the lower string, upon 
which the roadway timbers were laid, being suspended from tht 
upper by suspension pieces. The whole structure was consoli- 
dated and braced by bolts, stays, and straps of iron. Remarkable 
in its day, yet the drawings extant of the bridge of Schaffhausen, 
while they attest the ingenuity and practical skill of the builder, 
present it m singular contrast with the equally bold and less com- 

Elicated structures of the like nature recently erected in the 
rnited States. 

(B) This is also a Swiss bridge, built over the torrent of Kan- 
del in the Ctoton of Berne. Its ribs are formed of solid-built 
beams which gradtially decrease in depth from the centre to the 
extremities ； this decrease being made oy offsets, the built beams 

E resenting the appearance of a number of straining beams placed 
elow each other, against the ends of which abut inclined struts 
that rest against the faces of the abutments. The roadway rests 
upon the built beams. 

(C) These two bridges are selected from among a number of 
the like character constructed in various parts oi Germany by 
Wiebeking. The bridge-frame in all of them connisu of several 
ribs of curved solid-built beams upon which the roadway timbera 
are laid. This method of constructing bridge-frames combines 
great strength and stiffness. It is more expensive than frames of 
straight timber, as it requires a larger amount of iron, and more 
complicated mechanical means for its construction than the latter, 
and the ribs although stiffer, are impaired in strenglh by the 
operation of bending them. 

(D) This is a very remarkable structure built over the river 
Merrimack near Newburyport. The ribs consist of curved open- 
built beams, each of which is composed of three concentric solid- 
built beanis, connected, at intervals along the rib, by two radial 
pieces of hard wood which fit into mortises made through the 
centre of each solid beam, and by a long wedge of hard wood in- 
serted, in the direction of the radius of curTature, between each 
pair of radial pieces. Each of the solid-built beams of the rib is 
lormed of two thicknesses of scantling, about 12 or 15 feet in 
lengthy which abut end to end, breqtkin^ joints, and are connected 
by keys of hard wood inserted into mortises made through the two 
thicknesses. By these arrangements the architect has soufllit 
to pieaerve bith the cuired shape and the parallelism pf the mid 



WOODBN BRIDGES. 



941 



queenposts, between them, 一 of a single top beam, termed the plaU 
tjfthe side frame, which rests upon 3ie uprights, with which it in 




週 

Fig. 134— Represents a dde Tiew of 

portion ofa rib of Doit's bridge. 
«, Of arch timben. 
^ o, qiwen-poata. 

t、 e, choids. 



e, «， plate of the ride ftmnM. 

0, 0^ floor fdrden on whi<:h the fl«oriac 

Joiflte and flooring boardt nsL 
fi, ft, check braoM. 
t, t, tie beaim of raof. 
▲， pQitioaof pier. 



connected by a mortise and tenon joint, 一 and of diagonal brace, 
and other smaller braces, termed check braces, placed between 
the uprights. The curved-built beam, termed the arch-timbers, 
is bolted upon the timbers of the open-built beam. The bridge- 
frame may consist of two or more ribs, which are connected and 
stiffened by cross ties and diagonal braces. The roadway-floor- 
ing (Fig. 135) is laid upon cross pieces, termed the floor girders, 
which may either rest upon the chords, or else be attached at any 
intermediate point between them and the top beam. The road 
way and footpaths may be placed in any position between the 
several ribs. 

There is great similarity between the combination adopted by 
Burr and those of the two bridge-frames just described. The 
main difference consists in the application by Burr of wlvil he 
terms the arch-timbers, to strengtnen and stiffen an open-built 
beam. It may be remarked from the Figs. 134, 135, that the 
framing of the open-built beam is faulty, in that the top beam, or 
plate, is not only of less dimensions than the bottom beam, or 
chord, but is weakened by mortises, and moreover affordB no 
other support to the queen posts, or uprights, w hich act as sus- 
pension pieces for the chord, than that of ihe pin which confines 
the tenon in the mortise. Fiom the manner in whicl the ar-h* 
timben are fornud and connected with the parts of ihe open-built 
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the Miul manner, with 



This bridge U constructed on Howe's plan. It c<»i8istr 
NO ribs which are connected at top and hi 
ties and diagonal brace 



lUom, in 
s. The 



roadway Sooiing rests upon dia cross girden at bottom. The 
bridge is not loofed, as is asiully the case, the ribs being covered 
in Ml thn udes and at top by a sheathing of boards, and tbe 
flooring-boards by a metallic covering. 

The bridges constracted according to Colonel Long's plan 
faare been mostly applied to medium spans. In the printed de- 
iption of the different improTementB of this eyetem patented 
Colonel Long, he veiy judiciously introduces BtrutB, which 
terms arch braces, either below the top or the bottom striog^ 
u the locality may demand, for the purpoee of prerenting aac- 
giog, which must neceBsarily take place in time in all open^boul 
NUH of comidenble span, if not strengthened in this wwf. 
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t. Bridges of cast i 
1 than tl - -'' 



^ it of eren greater boldness of 

n those of timber, owing to the superiority, both in 
Btietigth and dnrability, of the former over the latter material ； 
and tner may therefore be resorted to under circumstance 
neaily tne same in which a. wooden structure v 

607. The abutments and piers of casUiron i ― 
built of stone, as the coirosive action of salt water, or even of 
fresh water when impure, would in time render iron eupporta of 
tliis character insecure ； and timber, when exposed to the same 
destTacUre agents, is still le«， lurable than cast iron. 



e agents, is 

ms and dimensions ； f the stone abuUnenta and 
一 ited on the same principles as the like puts in 
a with cuired fnunes. The pierft may be efther 




same principles as the L 
fnunes. The pierft may be either built up 
the roadway^aren, or else they may be 
springing plates of ibo bridge-finone 
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and form supports for cast-ire n standards upon which tie roaiVay 
bearers may be laid. 

608. The curved ribs of cast-iron bridge-frames have under 
gone various modifications and improvements. In the earliet 
bridges, they were formed of several concentric arcs, or curved 
beams, placed at some dis3cj.ce asunder, and aniled by radial 

Eieces ； the spandrels being filled either by contiguous rings, or 
y vertical pieces of cast iron upon which the roadway bearers 
were laid. 

In the next stage of progress towards improvement, the curved 
ribs were made less deep, and were each formed of several seg 
ments, or panels cast separately in one piece, each panel con 
sisting of three concentric arcs connected by radial pieces, and 
having flanches, with other suitable arrangements, for connecting 
them firmly by wrought-iron keys, screw-bolts, &c. ； the entire 
rib thus presenting the appearance of three concentric arcs con- 
nected by radial pieces. The spandrels were filled either with 
panels formed like those of the curved ribs, with iron rings, or 
with a lozenge-shaped reticulated combination. The ribs were 
connected by cast-iron plates and wrought-iron diagonal ties. 

In the more recent structures, the ribs have been composed of 
Youssoir-shaped panels, each formed of a solid thin plate with 
flanches around iLe edges ； or else of a curved tubular nb, formed 
like those of Polonceau, or of Delafield, described under the head 
of Framing. The spandrel-filling is either a reticulated combi- 
nation, or one of contiguous iron rings. The ribs are usually 
united by cast-iron tie-plates, and braced by diagonal ties of cast 
aiid wrought iron. 

609. Tiie roadway-bearers and flooring may be formed either 
of timber, or of cast iron. In the more recent structures in Eng- 
land, they have been made of the latter material ； the roadway- 
bearers being cast of a suitable form for strength, and for their 
connection with the ribs ； and the flooring-plates being of cast 
iron. 

The roadway and footpaths, formed in the usual manner, rest 
upon the ilqpring-plates. 

The parapet consists, in most cases, of a light combination of 
cast or wrought iron, in keeping with the general style of the 
structure. 

610. The English engineers have taken the lead in this branch 
of architecture, and, in their more recent structures, have carried 
it to a high degree of mechanical perfection and architectural 
elegance. Among the more celebrated cast-iron bridges in Eng 
land, that of Coalbrookdale belongs to the first epoch above men 
tioned ； those of Staines and Sunderland to the second ； and to 
the thinly the bridge of Southwark at London ； that of Tewkes 
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hury over the Severn ； that over the La rji near Plymouth, and a 
number oif others in various parts of the United Kiugdom. 

T"e JFVench engineers have not only followed the lead set them 
by the English, but have taken a new step, in the tubular-shaped 
rits of M. Polonceau. The Pont des Arts at Paris, a veiy ligh 
bridge for foot-passengers only, and which is a combination ol 
cast and wrought iron, belongs to their earliest essays in this line ； 
the Pont (TAusterlitZy also at Paris, which is a combination simi- 
lar to those of Staines and Sunderland, belongs to their second 
epoch ； and the Pont du Carrousel, in the same city, built upon 
Polonceau's system, with several others on the same plan, belong 
to the-'last. 

In the United States a commencement can hardly be said to 
have been made in this branch of bridge architecture ； the bridge 
of eighty feet span, with tubular ribs, constructed by Major Dela- 
field at Srown«ville, stands almost alone, and is a step contem- 
porary with that of Polonceau in France. 

The following Table contains a summary description of some 
of the most noted European cast-iron bridges. 



luin or HUMS. 




•t 




Km m 


of nb*. 






Ooaltwookdale, (A) . • 
Weannouth, (B) • , 
Btainea, (C) . . . 
Austerllts, (D) . . . 
Vauxhall. (£) . • . 
South wark, (P) . . 
Tewkesbury, (G) • . 
Lary. (H) . . . . 
Carronsalf (I) . . . 


flevem. 
Wear. 

Seine. 

Thames. 

ThAiues. 

Severn. 

Lary. 

Seine. 


5 
9 
3 

5 








9 
8 




Bwdaa. 

LMBBBdi. 

Walker. 
Sennte. 
TelM. 
KeoM. 



(A) This is the first cast-iron bridge erected in England. The 
curved rib is nearly a semicircle in shape, and is composed of 
three concentric arcs, which are connected at intervals by short 
columnar .pieces, in the direction of the radii of the curve. 

(B) This structure, which connects Wearmouth and Sunder- 
land, has a remarkably bold appearance, both from its great span, 
and its height, whicn is 100 feet between the high water-level 
and the intrados of the arch at the crown. The entire rib pre 
snnts the appearance of an open-built beam, composed of three 
concentric arcs united by radial pieces. The spaiulrel-filling is 
formed of contiguous iron rings, of increasing diameters from the 
crown to the springing line, which rest upon the back of the 
curved rib, and support the roadway-bearers. 

(C》 Staines bridge was designed on the same plan as Wear* 
moutn ； but from a defect in the strength of its abutments, they 
successively yielded to the horiz )ntal thrust, which in so flal «o 
aich was very considerable. 
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(D> The bridffe of Austerlitz ia constructed on the same ))rin 
LiiMP as the two last, and produces a light and pleasing architeo 
lurai effect. Each curved rib consists of 21 VQUssoir-shaped 
INUiels, about 4 feet in depth. The spandrel-fillings present jhe 
appearance of a continuation of the curved rib outwards, to form 
a support for the roadway-bearers. The piers are terminated at 
the springing lines of the curved rib, and are at this point 13 feet 
thick ； the roadway aboTe them being supported by the ribs con 
tinued up to its level. The roadway is on a level, the roadway 
nearers and flooring being of timber. 

(£) In this structure the curved rib is formed of solid panels 
The spandrel-fillings consist of vertical shafts united ,by cross 
pieces. The piers are built up to support the roadway-bearers ； 
they are 13 feet thick at the springing line. The entire width 
of the bridge is 36 feet, the carriage-way occupying 25 feet. 

(F) In this bold structure, the width of each of the two extreme 
bays is 210 feet. The curved rib is composed of thirteen solirl 
panels, each of which is 2| inches thick, and has a rim, or flanch 
arouad it about 4 inches broad. The rib is 6 feet deep at the 
crown and 8 feet at the spring. The spandrel-filling is composed 
of lozenge>shaped panels with verticl^l joints ； they are secured 
to the back of the curved rib and support the roadway-plates. 
The curved ribs are connected by tie-plates inserted between the 
joints of the Toussoirs ； and they are braced by feathered diago- 
nal braces. The piers are 24 feet thick at the springing line, 
and are built up to the level of the roadway-plates. The width 
of the carriage-way is 25 fee" and that of each of the footpaths 
7 feeU 

(G) This bridge presents a very light and elegant appearance ； 
the panels of the curved rib being cast with open curvilinear 
•paces, which divide the panel into several rectangular-shaped 
figures, with solid sides and diagonals. Each rib consists of 
twelve panels. The depth of the ribs is S feet. The thickness 
of the two exterior ribs is 2| inches, that of the four interior 
2 inches. The ribs are connected by grated tie-plates between 
the panel-joints, and they abut against springing plates which 
are 3 feet wide and 4 inches thick. The roadway-bearers and 
road-plates are of cast iron. The spandrel-filling is composed 
of loxenge-shaped panels, the sides of ihe lozenges being fea- 
thered, and tapering from the middle to the extremities. The 
ribs of the bridge-frame are connected and braced in the usual 
manner. The road-bearers are laid lengthwise upon the ribs, to 
which they are firmly secured, and they are covered with iron 
load-platesj upon which the road-coyering rests. The free road 
ipace ia 24 feet. 

(H> In this structure, (Figs. .3«, 139,) the engineer ba« d« 
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parted from the usual form of a circulai segment aicr and 
adopted an elliptical segment. The following summary (ieh..cip> 




Fig. 138— Representfl a .onffRndi* 
nal section throaffh a pier and in 
cast iron Btandara of Lary bridge, 
showing the ocnnection of the 
caat-iioQ framing and the itoBi 
pien. 

A-, upper portion of pier 
B, sUiKlaid. 

C， panel of the carved rib. 
D， losenge spandzel-fiUing. 



uon is extracted from the engineer's published account of tlis 
work : 一 " The arrangement of the design differs materially from 
other works of a similar nature : first, in 'the masonry of the pien 




Fig. 130— RepresentB a craai lection of Fig 
138 taken through the azk of the pier. 
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finishing at the sprinfiring course of the arches ； secondly, in the 
curvilinear forms of Uie piers and abutments ； and thirdly, in the 
employment of elliptical arches. 

" 'Ine centre arch is 100 feet span, and rises 14 feet 6 inches, 
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die thickness of the piers, where smallest, being 10 feet. The 
ftiches adjoining the centre are 95 feet span each, and rise IS 
feet 3 inches. The piers, taken as before, are each 9 feet 6 
inches thick. The extreme arches are each 81 feet span, and 
rise 10 feet 6 inches. The abutments are, in their smallest di 
mensions, 13 feet thick, forming at the back a strong arch abutting 
asainst the return-walls to resist the horizontal thrust. The ends 
of the piers are semicircular, having a curvilinear batter on the 
Bides and ends formed with a radius of 35 feet, and extending 
upward from the level of high water to the springing course, and 
downward to the level of the water at the lowest ebb. The 
^nt of the abutments have a corresponding batter. 

" The roadway is 24 feet wide, supported by 5 cast-iron equi- 
distant ribs. Each rib is 2 feet 6 inches in depth at the spring- 
ing, and 2 feet at the apex, by 2 inches thick, with a top and 
bottom flange of 6 inches wide by 2 inches thick, and is cast in 
. 5 pieces ； their joints (which are flanged for the purpose) are 
connected by screw-pins with tie-plates equal in length to the 
width of the roadway, and in deptn and thickness to the ribs ； 
between these meeting-plates the ribs are connected by strong 
feathered crosses, or diagonal braces, with screw-pins passing 
through their flanges and the main ribs. The spnnging-plates 
are 3 inches thick, with raised groores to receive the ends of the 
ribs, which have double shoulders. These plates are sunk flush 
into the springing course of the piers and abutments, which, with 
the cordon and springing course, are of granite* The pier- 
standards and spandrel-fillings are feathered castings, connected 
transversely by diagonal braces and wrought-iron bars passing 
through cast-iron pipes, with bearing-shoulders for the several 
parts to abut against. The roadway-bearers are 7 inches in 
depth by thick, wilh a proportional top and bottom flange ； 
they are fkstened to the pier-standards by screw-pins through 
sliding mortises, whereby a due provision is made for either ex 
pansion or contraction of the metal ； the roadway-plates are } of 
an inch thick by 3 feet wide, connected by dances and screw- 
pins, and projeci 1 foot over the outer roadway-bearers, thus 
Tormiog a cornice the whole length of the bridge. 

" The adoption of these forms for the piers and arches, in uni- 
son with the plan of finishing the piers above the springing course 
with cast iron instead of masonry, has, as I had hoped, given & 
degree of uniform lightness combined with strength to the general 
effect, unobtainable by the usual form of straight-sidfid piers cai* 
ried to the height of the roadway, with flat segments oi a circle 
for the arches." 

(I) The curved tfibs of this bridge are tabular, \1 e cross sec 
tion of the tube being an ellipse, me transverse a? ■ of which it 
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2 feet 6 inches, and the conjugate about 1 foot 4 inches. Each 
rib consists of eleven pieces, which are shaped and connected ti 
described under the head of Framing. The spandrel-fillings are 
formed of contiguous cast-iron rings which rest upon the ribs, 
and support the longitudinal roadway-bearers. The ribs are tied 
and braced nearly in the usual manner. The flooring upon which 
the road-covering is laid is of timber. The piera are built up to 
receive the roadway-bearers. 

The system of M. Polonceaii presents a very light and elegant 
form of cast-iron bridge. The inventor claims for it moie econo- 
my than by the ordinary combinations, and also more lightness 
combined with adequate strength. It has been objected to this 
system that it is clefective in rigidity ； this the inventor "^emn 
disposed to regard as an advantage, and has preferred the span* 
drel-iilling of rings partly on this account, because their elasticity 
is fkvorable to a gradual yielding and restoration of form in the 
parts. 〜 

611. Effects of Temperature on stone and cast-iron Bridges 
The action of variations of temperature upon masses of masonry, 
particularly in the coping, has already been noticed. The effect 
of the same action upon the equilibrium of arches was first ob- 
served by M. Vicat in the stone bridge built by hint at Souillac, 
in the joints of which periodical changes were found to take place, 
npt only from the ranges of temperature between the seasons, but 
even daily. Similar phenomena were also very accurately noted 
by Mr. George Rennie in a stone bridge at Staines. 

From these recorded observations the fact is conclusively es- 
tablished, that the joints of stoiie bridges, both in the arches and 
spandrels, are periodicaHy^&ffected by this action, which must 
consequently at times throw an increased amount of pressure 
upon the abutments, but without, under ordinary circumstaDces, 
any danger to the permanent stability of the structure. 

When iron was first proposed to be employed for bridges, ob« 
jections were brought against it on the ground of the effect of 
changes of temperature upon this metal. The failure in the 
abutments of the iron bridge at Staines was imputed to this cause, 
and like objections were seriously urged against other structures 
about to be erected in England. To put this matter at rest, ob- 
servations were very carefully made by Sir John Rennie upon 
the arches of Soutliwark bridge, built by his father. From these 
experiments it appears that the mean rise of the centre arch at 
the crown was about of an inch for each degree of Fahr" 
or 1.25 inches for 60® Fahr. The change of form and increase 
if pressure arising from this cause do not appear to have affected 
n any sensible degree the permanent stabilitj^either of this stnic 
Mire, or of any of a like chaiacter in Europe. 
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• SUSPENSION BRIDGES. 

612. The use of flexible materials, as cordage and the like, to 
fonn a roadway over chasms, and narrow water-courses, datei 
from a very early period ； and structures of this character were 
probably among the first rude attempts of ingenuity, before the 

of the carpenter and mason were sufficiently advanced to be 
e subservient to the same ends. The idea of a suspended 
way, in its simplest form, is one that would naturally present 
itself to the mind, and its consequent construction would demaDd 
only obvious means and but little mechanical contrivance ； but 
the step from this stage to the one in which such structures are 
now found, supposes a very advanced state both of science and of 
its application to the industrial arts, and we accordingly find that 
bridge architecture, under every other guise, was brought to a 
high degree of perfection before the suspension bridge, as this 
structure is now understood, was attempted. 

With the exception of some isolated cases which, but in the 
material employed, differed little from the first rude structures, 
no recorded attempt had been made to reduce to systematic rules 
the means of suspending a roadway now in use, until about the 
year 1801, when a patent was taken out in this country for the 
purpose, by Mr. Finlay, in which the manner of hanging the 
chain supports, and suspending the roadway from it, are sped 
fically laid down, differing, in no very materia] point, from thr 
practice of the present day in this branch of bridge architecture, 
oince then, a number of structures of this character have been 
erected both in the United States and in Europe, and, in socni 
instances, valleys and water-courses have been spanned by them 
under circumstances which would have baffled tne engineer's art 
Ln the employment of any other means. 

A suspension bridge consists of the supports, termed piers, 
from which the suspension chains are hung ； of the anchoring 
masses, termed the abutments, to which the ends of the suspen* 
•ion chains are attached ； of the suspension chains, termed the 
main chains, from which the roadway is suspended ； of the verti- 
cal rods, or cliains, termed the s'uspending-chains, &c" wliich 
connect the roadway with the main chains ； and of the roadway. 

613. As the general principles upon which flexible supports 
for structures should be arranged have already been laid down 
under the head of Framing, nothing more will be requisite, undex 
the present head, than to add those modifications of the applies 
tioQs of these principles called for by the character of the struc- 
tures in question. 

614. Bays. The natural water-way may be divided into aei 
number of equal-sized bays, depending on local circumstance 
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and the comparative cost of high or low piers, and that of tli 
main chains, and the susp ending-rods. 

A bridge with a single bay of considerable width presenU a 
bolder and more monumental character, and its stability, all othef 
things being equal, is greater, the amplitude from undulations 
caused by a moveable load being less than one of several bays. 

If two bays of equal span are preferred to a single one with 
an equal versed sine, ihe chains may be supported either by a 
single central pier, or by three piers of ihe same height. With 
a single pier, the structure will present the appearance (Fig. 101. 
Art.. 538) of two half curves. The tension on the chains and 
the horizontal strain at the top of the pier will, in this case, be 
the same as in that of the full curve of double the span and the 
same versed sine ； and twice as great as in the case of three 
piers with curves of equal span and the same versed sine. 

If, instead of a central pier with two semi-arches, two entire 
arches be preferred for the bridge, then three piers will be neces- 
sary, whicn need only be half the height of those which a single 
bay would require. The tension on the chains in this case will 
be only one fourth of that upon the chains of a bridge with a sin- 
gle bay of double width ； and the abutments may be made pro- 
portionally less strong. 

615. Piers. These are commonly masses of masonry in the 
shape of pillars, or columns, that rest on a common foundation, and 
are usually connected at top. The form riven to the pier, when 
of stone, will depend in some respects on tne locality. Generally 
it is that of the architectural monument known as the Triumphal 
Arch ； an arched opening being formed in the centre of the mass 
for the roadway, and sometimes two others of smaller dimensions, 
on each side of the main one, for approaches to the footpaths of 
the bridge. 

Piers of a columnar, or of an obelisk form, have in some in- 
stances been tried. They have generally been found to be want- 
ing in stiffness, being subject to vibrations from the action of the 
chains upon them, wnich in turn, from the reciprocal action upon 
the chains, tends very much to increase the amplitude of the vi- 
brations of the latter. These effects have been observed to be 
the more sensible as the columnar piers are the higher and more 
- slender. ' 

Cast-iron piers, in the form of columns connected at top by an 
entablature, have been tried with success, as also have been 
rrlamnar piers of the same material so arranged, with a joint at 
(heir base, that they can receive a pendulous motion at top to ac- 
commodate any increase of tension upon either branch of the cbaic 
resting on them. 

The dimensions of piers will depend upon their height and tb« 
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strain upon thiiq. When built of atone, the masonry should ba 
Tcry carefully constructed of large blocks well bonded, and tied 
by metal cramps. The height of the piers will depend mostly 
on the locality. When of the usual forms, they should at least 
be high enough to admit the passage of vehicles under the arched 
way of tlie road. 

616. Abutments. The forms and dimensions of the abutments 
will depend upon the manner in which ihey may be connected 
with the chains. When the locality will admit the chains to be 
anchored without deflecting tliein vertically, the abutments may 
be formed of any heavy mass of rough masonry, which, from its 
weight, and the manner in which it is imbedded, have sufficient 
strength to resist the tension in the direction of the chain. If it 
is found necessary to deflect the chains vertically to secure a good 
anchoring point, it will also generally be necessary to build a mass 
of masonry of an arched form at the point where the deflection 
takes place, which, to present sufficient strength to resist the 
pressure caused by the resultant of the tension on the two 
oranches of the chain, should be made of heavy blocks of cut 
stone well bonded. If the abutments are not too far from the 
foundations of the piers, it will be well to connect the two, in 
order to give additional resistance to the anchoring points. 

617. Main Chains, &c. The suspending curves, or arches, 
may be made of chains formed of flat, or round iron, or may con 
sist of wire cables constructed in the usual manner. 

The main chains of the earlier suspension bridges were formed 
of long links of round iron made in the usual way ； but, indepen-* 
denlly of the greater expense of these chains, they were found to be 
liable to defects of welding, and the links, when long, were apt to 
become misshapen under a great strain, and required to be stayed 
to preserve their form. Chains formed of long links of flat bars, 
usually connected by shorter ones, as coupling links, have on 
these accounts superseded those of the ordinary oval-shaped 
Kuks. 

The breadth of the chains has generally been made uniform , 
but in some recent bridges erected in England by Mr. Dredge, 
the chains are made to increase uniformly in Dreaath, by increas- 
ing the number of bars in a link, from the centre to the points of 
suspension. In addition to this change in the form of the main 
chains, Mr. Dredge places the suspending chains in a vertical 
plane parallel to the axis of the bridge, but obliquely to the hori- 
zon, inclining each way from the points of suspension towards 
the centre of the curve. From experiments, it appears that a 
rcry considerable increase of strength, for the same amount of 
material, is given by these modifications. 

The number and disposition of the chains will depend upon ttw 
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Strain to be borne and the arrangement of the roadway and foot 
paths. For a single carriage-way the main chains are disposed 
on each side, leaving the requisite width of the carriage-way be- 
tween them* Should the weight to be be me be so great that tho 
number of bars in a link would give such breadth to the chain as 
to require a considerable addition to the breadth of the piers, two 
or more chains most be employed, and these should be suspended 
one immediately below the other. It has been suggested that 
their distance apart should be such that the shadow from the 
chain above upon that beneath should not prevent the action of 
the sun's rays, in evaporating any moisture that may lodge in the 
articulations of the links, and also to preserve an equable temper- 
ature in all the chains. If there are two carriage-ways, with 
footpaths, any arrangement of the chains may be adopted, simi- 
lar to those already pointed out for the ribs of wooclen bridges 
under like circumstances ； care being taken that the strength of 
the chains be proportioned to the strain upon them, and that they 
be placed so far asunder, that in violent oscillations from high 
winds they may not come into collision. 

Some of the links of the main chains should be arranged witL 
adjusting screws, or with keys, to bring the chains to the proper 
degree of curvature when set up. 

The chains may either be attached to, or pass over a moveable 
cast-iron saddle, seated, on rollers on the top of the piers, so that 
it will allow of sufficient horizontal displacement to permit the 
chains to accommodate themselves to the effects of a moveable 
load on the roadway. The same ends may be attained by attach- 
ing the chains to a pendulum bar suspended from the top of the 
pier. 

The chains are firmly connected with the abutments, by being 
attached to anchoring masses of cast iron, arranged in a suitable 
manner to receive and secure the ends of the chains, which are 
carefully imbedded in the masonry of the abutments. These 
points, when under ground, should be so placed that they can be 
Tisited and examined from time to time. 

618. Suspending Chains, The suspending-rods, or chains, 
should be attached to such points of the main chains and the 
roadway-bearers, as to distribute the load uniformly over the 
main chains, and to prevent their bein^ broken or twisted off 
Dv the oscillations of the bridge from winds, or moveable loads. 
They should be connected by suitably-arranged articulations, with 
a saddle piece bearing upon the back of the ma?D chain, and ut 
bottom with the stirrup that embraces the roadway-bearers. 

The suspending-chains are usually hung Terlically. In aamt 
recent bridges they have been inclined inward to give mor» itiff 
Aess to the system. 
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619. Roadway. Transversal roadway-bearers are attached 

to the suspepding-chains, upon which a flooring of timber is laid 
for the roadway. The roadway-bearers, in some instances, have 
been made of wrought iron, but timber is now generally preferred 
for these pieces. Diagonal ties of wrought iron are placed hori 
sontally between, the roadway-bearers to brace the frame-work. 

The parapet may be formed in the usual style either of wrought 
iron, or of timber, or of a combination of cast iron and timber 
Timber alone, or in combination with cast iron, is now preferred 
for the parapets ； as observation has shown that the stifihess given 
to ttie roadway by a strongly-trussed timber parapet limits the 
amplitude of the undulations caused by violent winds, and secures 
the structure from danger 

In some of the more recent suspension bridges, a trussed 
frame, similar to the parapet, has been continued below the level 
of the roadway, for the purpose of giving greater security to the 
structure against the action of high winds. 

When the roadway is above the chains, any requisite munber 
of single chains may be placed for its support Frames formed 
of vertical beams of timber, or of columns of c6st iron united by 
diagonal braces, rest upon the chains, and support the roadway- 
bearers placed either transversely, or longitudinally. 

620. Vibrations. The undulatory or vibrato]^ motions of 
suspension bridges, caused by the action of high winds, or move- 
able loads, should be reduced to the smallest practicable amount^ 
by a suitable arrangement of bracing for the roadway-timbers and 
parapet, and by chain-stays attached to the roadway and to the 
oasemenU of the piers, or to fixed points on the banks whenever 
they can be obtained. 

Calculation and experience show that the vibrations caused by 
a moveable load decrease in amplitude as the span increases, 
and, for the same span, sis the versed sine decreases. The 
heavier the roadway, also, ail other things being the same, the 
smaller will be the amplitude of the vibrations caused by a move- 
abJe load, and the less will be their effect in changing the form 
of the bridge. 

The vibrations caused by a moveable load aeldom affect the 
bridge in a hurtful de^ee, owing to the elasticity of the syslem, 
unless they recur penodically, as in the passajge of a body of 
soldiers with a cadenced march. Serious accidents have been 
occasioned in this way ； also by the passage of cattle, bimI by 
ihe sudden rush of a crowd from one side of the bridge to the 
other. Injuries of this character can ozuy be guarded agouuit by 
1 proper system of police regulations. 

Chain-stays may either be attached to some point of tne road 
曹 ay. and to fixed points beneath it, or else they may be ui thi 
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form of a reversed curve below tlie roadway. The formwr is the 
more efficacious, but it causes the bridge to bend in a disagree* 
able manner at the point where the stay is attached, when the 
action of a moveable load causes the main chains to rise. The 
more oblique the stays, the longer, more expensive, and lesp 
effective they become. Stays in the form of a reversed curve 
preseive better the shape of the roadway under the action of a 
moveable load, but they are less effective in preventing vibrations 
than the simple stay. Neither of these methods is very service 
able, except m narrow spans. In wide spans, variations of tern 
perature cause considerable changes in the length of the stays, 
which makes them act unequally upon the roadway ； this is par- 
ticularly the case with the reversed curve. Both kinds should 
be arranged with adjusting screws, to accommodate their length 
'to the more extreme variations of temperature. 

Engineers, at present, generally agree that the most efficacious 
means of limiting the amplitude, and the consequent injurious 
effects of undulations, consists in a strong combination of the 
roadway-timbers and flooring, stiffened by a trussed parapet of 
timber above the roadway, and in some cases in extending the 
frame-work of the parapet below it. These combinations pre 
sent, in appearance, and reality, two or more open-built beams, 
as circumstances may demand, placed parallel to each other, and 
strongly connecterl and braced by the frame-work of the road- 
way, which are supported at intermediate points by the suspend- 
ing-rods, or chains. The method of placing the roadway-framing 
at the central line of the open-built beams presents the advantage 
of introducing vertical diagonal braces, or ties between' the beams 
beneath the roadway-frame. The main objection to these com- 
binations is the increased tension thrown upon the chains from 
the greater weight of the frame-work. This increase of tension, 
however, provided it be kept within proper limits, so far from 
being injurious, adds to the stability and security of the bridge, 
both from the effects of undulations and of vibrations from shocks 

As a farther security to the stability of the structure, the frame 
work of the roadway should be firmly attached at the two extre 
mities to the basements of the piers. 

621. Preservative means. To preserve the chains from oxi 
dation on the surface, and from rain or dews which may lodge ii 
ihe articulations, they should receive several coats of minium, oi , 
of some other preparation impervious to water, and this sticuld 
be renewed from time to time, and the forms of all the paiti 
should be the most suitable to allow the free escape of moistuxe. 

Wires for cables can be preserved from oxidation, until they 
tie made into ropes, by keeping them immersed in some alkaline 
folution. Before making them into ropes they should be flipped 
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imnl times in I oiling linseed oil, prepared by previously boil* 
ing it with a small portion of litharge and lampblack. The cablet 
ihould receive a thick coating of the same preparation before 
they are put up, and finally be painted with white lead paint, both 
as a preservatire means, and to show any incipient oxidation, as 
the rust will be detected by its discoloring the paint. 

622. Proofs of Suspension Bridges. From the many grave 
accidents, accompanied by serious loss of life, which have taken 
place in suspension bridges, it is highly desirable that some trial- 
proof should be made before opening such bridges to the public, 
and that, moreover, strict police regulations should be adop^ 
and enforced, with respect to them, to guard against the recur- 



. land, from the assemblage of a crowd upon the bridge. In 
France, and on the continent generally, where one of the impor- 
tant duties of the public police is tp watch over the safety of life, 
under such circumstances, regulations of this character are rigidly 
enforced. The trial-proof enacted in France for suspension 
bridges, before they are thrown open for travel, is about 40 lbs. 
to each Buperficial foot of roadway in addition to the permanent 
weight of the bridge. This proof is at first reduced to one half, 
in order not to injure the masonry of the points of support during 
the green condition of the mortar. It is made by distributing 
oyer the road surface any convenient weighty material, as bricks, 
pigs of iron, bags of earth, &c. Besides this after-trial, each 
element of the main chains should be subjected to a special proof 
to prevent the introduction of unsound parts into the system. 
This precaution will not be necessary for the wire of a caole^ as 
the process of drawing alone is a good test Some of the coils 
tested will be a guarantee for the whole. 

From experiments made at Geneva by Colonel Dufour, one of 
the earliest and most successful constructors of suspension bridgec 
on the Continent, it appears that wrought bar iron can sustain 
without danger of rupture a shock arising from a weight of 44 
lbs. raised to a height of 3.28 feet on each, .OOlddths of an inch 
of cross section, when the- bar is strained by a weight equal to 
^ne third of its breaking weight ； and he concludes that no ap 
prehension need be entertained of injury to a bridge from shocks 
caused by the ordinary transit upon it, which haa been subjected 
to the usual trial of a dead weight ； and that the safety, in this 
respect, is the greater as the bridge is longer, since the elasticity 



623. DurcbUity. Time is the true test of the durability o 
the structures under consideration. So far as experience goes 
theie teems to be no reason to assign less durability to suspen 
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rion Jian tc cast-iron, or even stone bridges, if their repain waA 
the proper means of preserving them from decay are attended to. 
Doubts have been expressed as to the durability of wire cables, 
but these seem to have been set at rest by the trials and exami- 
nations to which a bridge of this kind, erecW by Colonel Dufour, 
at Geneva, was subjected by him after twenty years service. It 
was found that the undulations were greater than when the bridge 
was first erected, owing to the shrinking of the roadway-frame ； 
but the main cables, and suspending-ropes, even at the loops in 
contact with the timber, proved to be as sound as when first put 
up, and free from oxidation ； and the whole bridge stood anotner 
very severe proof without injury. 

624. The following succinct descriptions of the principal ele- 
ments of some of the most celebrated suspension bridges of • 
chains, and wire cables, of remarkable span, are taken from va- 
rious published accounts. , 

Bridge over the Tweed near Berwick. This is the first large 
Buspension bridge erected in Great Britain. It was constructed 
upon the plans of Capt. Brown^ who took out a patent for the 
principles of its construction. 

Span .... 449 feet. 
Versed sine . . . 30 " 
Number of main chains 12, six being placed on each side of the 

roadway, in three ranges, of two chains each, above each 

other. 

The chains are composed of long links of round iron, 2 inches 
in diameter, and are 15 feet long. They are connected by coupling 
links of round iron, \\ inch diameter, and about 7 inches long, by 
means of coupling bolts. 

The roadway is korne by suspending-rods of round iron, which 
are attached alternately to the three ranges of chains. The road- 
way-bearers are of timber, and are laid upon longitudinal ban 
of wrought iron, which are attached to the suspension rods. 

Menai Bridge, erected after the designs of Mr. Telford, 
Opened in 1826. 

Span . 679.8 feet. 

Versed sine . 43 " 

Number of main chains 16, arranged in sets of 4 each, vertically 

above each other. 
Number of bars in each link 5. 
Length of links 10 feet. 
Breath of each bar d{ inches ； depth 1 inch. 
Coupling links 16 inches long, 8 inches broad, and 1 inch deep 
Coupling bolts 3 inches in diameter. 

Total area of cross section of the main chain, 260 square incLet 
The main chains are fastened to their abutments by ancboring 
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Holu 9 feet long and 6 inches in diameter, which are secur&l in 
cast-iron grooYes. The abutments, which are undergrouna and 
leached by suitable tunnels, are the solid rock. 

Upon the tops of the piers are cast-iron saddles, upon which 
the main chains rest. The base of the saddle, whicn is fitted 
with grooves to receive them, rests upon iron rollers placed on a 
conyex cylindrical bed of cast iron, shaped like the bottom of the 
base of the saddle, to admit of a slight displacement of the chains 
from moveable loads, or changes of temperature. 

The roadway is divided into two carriage-ways, each 12 feei 
wide, and a footpath 4 feet wide between them. The roadwaj- 
framing consists of 444 wrought-iron roadway-bearers, 3^ inches 
deep and i inch thick, which are supported at the centre points 
， of each of the carriage-ways by an inverted truss, consisting 
of two bent iron ties which support a vertical barplaced under 
the roadway-bars at the points just mentioned. The platform 
of the roadway is formea of two thicknesses of plailk. The 
first, 3 inches thick, is laid on the roadway-bearers and fastened 
to them. This is covered by a coating of patent felt soaked in 
boiling tar. The second is two inches ttiick and spiked to the 
first. 

The roadway is suspended by articulated rods attached to 
stirrups on the roadway-bearers and to the coupling bolts of the 
main chains. 

The piers are 152 feet high above the high-water level. They 
have an arched opening leading to the roadway, and the masses 
on the sides of the arch are built hollow, with a cross-tie partition 
wall between the exterior main walls. 

The parapet is of wrought-iron vertical and parallel bars con- 
nected by a network. 

This bridge was seriously injured by a violent gale, which gave 
80 great an oscillation to the main chains that they were dashed 
against each other, and the rivel-heads of the bolts were broken 
off. To provide against similar accidents, a frame-work of cast 
iron tubes, connected by diagonal pieces, was fastened at inter- 
Tals between the main chains, by cross ties of wrought-iron rods, 
which passed through the tubes, and were firmly connected with 
the exterior chains. Subsequently to this addition, a number of 
strong timber roadway-bearers were fastened at intervals to those 
of iron, as the iron roadway-bearers were found to have been 
bent, and in some instances broken, by the undulatory motion of 
the bridge in heavy gales. 

The total suspending weight of this bridge, including the main 
chains, roadway, and all accessories, is stated at 643 tons 
cwt* 

The Fribourg bridge of wire thrown across the valley ci ihf 



8M) 



miJ>QW, ETC 



Sinnej opposite Fribourg, was erected in 1832 by .If. Chale^^ 擧 
French engineer. 

Span • • 870.32 feet. 

Vened sine . 63.26 " 

There are 4 main cables, two on each side of the roai, of the 
same elevation, and about 1 j inch asunder. Each cable is coin- 
posed of 1056 wires, each about 0.118 inch in diameter, which 
are finnly connected and brought to a cylindrical shape by a spiral 
wire wrapping. The diameter of the cable varies from 5 to 5^ 
inches. The cables pass over 3 fixed pulleys on the top of the 
piers, upon which they are spread out without ligatures, and are 
each attached to two other cables of half their diameter which 
are anchored at some distance from the piers, in vertical pits, 
passing over a fixed pulley where they enter the mouth of the 

pit. 

The suspending-ropes are of wire a size smaller than that used 
for the* cables. Their diameter is nearly 1 inch. They are 
formed with a loop at each end, fastened around a crupper-shaped 
piece of cast iron, that forms an eye to connect the rope with the 
nook of the stirrup affixed to the roadway-bearers, and to a saddle- 
piece of wrought iron, for each rope, that rests on the two main 
cables. 

The roadway-bearers are of timber, being deeper in the centre 
than at the two ends, the top surface being curved to conform to 
a slight transverse curvature given to the surface of the carriage- 
way ； they are placed about 5 feet between their centre lines, 
every fourth one projecting about 3 feet beyond the ends of the 
others, to receive an oblique wrought-iron stay to maintain the 
parapet in its vertical position. The carriage-way, which is about 
15^ feet wide, is formed of two thicknesses of plank. The foot- 
paths, which are 6 feet wide, are raised above tne surface of the 
carriage-way, and rest upon longitudinal beams of large dimen- 
sions, the inner one of which is firmly secured to the roadway- 
bearers by stirrups which embrace them, and the exterior one is 
fastened to the same pieces by long screw-bolts, which pass 
through ihe top rail of the parapet. The roadway has a slight 
curvature from the centre to the two extremities, along the axis ； 
the centre point being from 18 inches to about 3 feet hkrher than 
the ends, according to the yariations of temperature. The main 
cables at the centre are brought dowi nearly in contact with the 
roadway-timbers. 

The parapet is an open-built beam, consisting of a top rail, the 
bottom rail being the longitudinal exterior beam of the footpath, 
and of diagonal pieces which are mortised into the two rails ； the 
whole being secured by the iron bolts that pass through the road 
wa) •bearers and the op rail. This combination of the parapet 
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he bars by keys. The anchoring-plate is retained in itt plact 
oy two strong dkst-iron beams, against which the strain upon the 
plate is thrown. 

The suspending-rodB (Fig. 141} are connected with both the 
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apper and lower main-chains ； to the upper by a saddle^piece 
and bolts, and to the coupling-bolt of the lower by an arran) 
ment of articulations, which allows an eas}^ play to the rods ； 
bottom (Fig. 142) they are connected by a joint with a bolt , 
fastens firmly the roadway-timbers. 
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The roadway-timbers consist of a strong longitudinal bottom 
beam, upon which the roadway-bearers are notched ； these last 
pieces are in pairs, the two being so far apart that the bolts con* 
necting with the suspending^rods by a forked head can pass be 
tween them ； the flooring-plank is laid upon the roadway-bearers ； 
and a top longitudinal beam, which forms the bottom rail of the 
parapet, is secured to the bottom beam by the connecting bolt. 
Wrought-iron diagonal ties are placed horizontally below th« 
flooring, to brace the whole of the timbers beneath. 

The roadway is 14 feet wide. It slopes from the centre point 
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tiotkg the axis to the extremities, being 4 feet higher in the centre 
than at the two last points. 

The piers are in the form of towers, resembling the Italian 
belfry. They are of brick; 80 feet high, and so constructed and 
combined with the top saddles, that they have to sustain no othei 
Btrain than the vertical pressure from the main-chains. 

The whole weight oi the structure,'with an additional load of 
100 lbs. per square foot of the roadway, would throw about lOOC 
Ions on each pier. The tension on the chains from this load is 
calculated at about 1480 tons ； while the strain they caii beai 
without impairing their strength is about 5000 tons. 

Monongahela wire Bridge, This bridge, erected at Pittsburgh, 
Penn., upon plans, and under the superintendence of Mr. Roe- 
bling, has 8 bays, varying between 188 and 190 feet in width. It 
is one of the more recent of these structures in the United States. 

The roadway of each bay is supported by two wire cables, of 
4| inches in diameter, and by diagonal stays of wire rope, at 
tached to the same point of suspension as the cables, and , con 
necting with different points of the roadway-limbers. The ends 
of the cables of each bay are attached to pendulum-bars, by 
means of two oblique arms, which are united by joints to the 
peDduIum-bars. These bars are syspended from the top of 4 
cast-iron columns, inclining inwards at top, which are there firmly 
united to each other ； and, at bottom, anchored to the top of a 
stone pier built up to the level of the roadway-timbers. The 
side columns of each frame are connected throughout by an open 
lozenge-work of cast iron. The front columns have a like con- 
nection, leaving a sufficient height of passage-way for foot-pas- 
Aengers. 

The frame-work of 4 columns on each side is firmly connected 
at top by cast-iron beams, in the form of an entablature. A car- 
riage-way is left between the two frames, and a footpath between 
rhe two columns forming the fronts of each frame. 

The points of suspension of the cables are over the centre line 
of the footpaths ； and the cables are inclined so far inward that 
the centre point of the curve is attached just outside of the car- 
riage-way. The sQspending-ropes have a like inward inclination, 
the object in both cases being to add stiffiiess to the system, and 
diminish lateral oscillations. 

The roadway consists of a carriage-way 22 feet wide, and two 
footpaths each 5 feet wide. The roadway-bearers are transversal 
beams in pairs, 35 feet long, 15 inches deep, and 4| inches wide 
They are attached to the suspending-ropes. The flooring con 
vists of 2} inch plank, laid longitudinally over the entire roadway- 
turface ； and of a second thickness of 2* inch oak plank laid 
liuuversely o' er the carriage-way. 
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The parapety which is on the principle of Town,s lattice, ex 
lends so far below the roadway-bearers that they rest and ar€ 
notched on the lowest chord of the lattice. A second chord em 
braces them on top, and finally a third chord completes the lattice 
at lop. The object of adopting this form of parapet was to in* 
crease the resistance of the roadway to undulations. 

MOVEABLE BRIDGES 

624. The term moveable bridge is commonly applied to a 

Elatform supported by a frame-work of timber, or oi cast iron, 
y means of which a communication can be formed or inter- 
rupted at pleasure, between any two points of ^ fixed bridge, or 
over any narrow water-way. These bridges are generally de- 
nominated draw-bridges, but this term is now, for tne most part, 
confined to those moveable bridges which can be raised or low- 
ered by means of a horizontal axis, placed either at one extremity 
of the platform, or at some intermediate point between the two 
ends, and a counterpoise which is so connected with the platform 
in either case, that the bridge can be easily manoeuvred by a 
small power acting through the intermedium of some suitable 
mechanism applied to the counterpoise. The term turning or 
swinging brieve is used when the bridge is arranged to turn 
horizontally around a vertical axis placed at a point between its 
two ends, so that the parts on each side of the axis balance each 
other ； and the term rolling bridge is applied when the bridge 
resting upon rollers can be shoved forward or backward horizon* 
tally, to open or interrupt the passage. 

To the above may be added another class of moveable bridges 
used for the same purpose, which consist of a platform supported 
by a boat, or other buoyant body, which can be placed in or 
withdrawn from the water-way, as circumstances may require. 
• 625. Local circumstances will, in all cases, determine what 
description of moveable bridge will be best. If the width of the 
water-way is not over 24 feet, a single bridge may be used ； but 
for greater widths the bridge must consist of two symmetrical 
parts. 

626. Draw-bridges. When the horizontal axis of this de- 
scription of bridge is placed at the extremity of the platform, the 
bricfge is manoeuvred by attaching a chain to the other extremity, 
which is connected with a counterpoise and a suitable mechanism, 
by which the slight additional power lequired for rabiDg the 
bridge can be applied. 

A number of ingenious contrivances have been put in practice 
for tlese purposes. They consist usually either of a counter* 
poise of invariable weight, connected with additional fuiimal mo 
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thre power, which acts with constant intensity but with a variab.6 
arm of lever ； or of a counterpoise of variable weight, whieh is 
assisted by animal motive power acting with an invariable arm of 
lever. In some cases the bridge is worked with a less compli- 
cated combination, by dispensing with a counterpoise, and ap« 
plying animal motive power, of variable intensity, acting with a 
constant or a variable arm of lever. 

Amon^ the combinations of the first kind, the most simple 
consists m placing a framed lever (Fig. 143) revolving on a hori 

Fig. 143— Showi the 
DerofmaiMBUviing a ( 
bridge either by a ' 
fever, or by a count 
■lupended from a ipu 
eccentric. 
A, abutment 
a、 flection of the platform 
b， fnmed leror. 

c, chain attached to the 
ends of the iever and the 
Dlatfonn. 

d, strut moveable aroond 
its lower end. 

t、 bar with an articulation 
at each end that conflnei 
the strut to Uie plaiform. 
J、 apirai eccentric connect- 
ed with the oounterpows 
«- by a cliain pawing over 
the surge of the eccentric. 
A, chain for miring the 
bridge, one end of which 
k attached to tlie extre- 
mity of the platfonn, and 
the other to the axle of 
the eccentric, 
t. Axed pulley over which 
the chain h ■pwaed. 
m, Wheel fixMlto the azl« 
of the ecceuiric for the 
purpose of turning it by 
means of aoimftl power 

Splie^ to the ebdleai 
ainn. 

sontal axis above the platfonn. The anterior part of the frame 
is connected with the moveable extremity of the platform by two 
chains. The posterior portion, which forms tne counterpoise, 
has chains attached to it by which the lever can be worked by 
men. 

When the locality does not admit of this arrangement, the 
chain attached to the moveable end of the platform may be con 
iiected with a horizontal axle above ihe platTorro, to which is also 
attached a fixed eccentric of a spiral shape, (Fig. 143,) connected 
with a chain that passes over its gorge and sustains a counter- 
poise of invariable weight. Upon the same axle an ordinaiy 
wheel is hung, over the gorge of which passes an endless chain 
【《 manoeuvre the bridge by animal power. 

Of the combinations of variable counterpoises the mechanim 

34 
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fifths its length, from the face of the abutment, to form a coun* 
terpoise for the platform of the bridge. The horizontal axis of 
tbe bridge is placed near the face of the abutment, and a well of a 
suitable shape to receive the posterior portion of the platform that 
forms the counterpoise is formed behind the abutment. 

The mechanism for working the bridge may consist of i chain 
and capstan below the platform-counterpoise, or of a suitable 
combination of tooth-work. 

In bridges of a single platform, the moveable extremity, when 
the bridgQ is lowered, rests on the opposite abutment, and no 
intermediate support will be required for the structure if the 
fracne-work be of sufficient strength ； but when a double bridge, 
consisting of two platforms, is used, the platforms (Fig. 143) 
should be supported near their moveable ends, when the bridge 
is down, by struts moveable around the joint by which they are 
connected with the face of the abutments. These struts are 
80 connected with the bridge that they are detached from it 
and drawn up when it is raised, and fall back into their places, 
abutting against blocks near the moveable end of the platform, 
when the bridge is down. By these arrangements the cnains for 
working the bridge are relieved from a portion of the strain when 
the*briage is down, and it is also rendered more firm. 

When the counterpoise is formed by the rear part of the plat 
form, additional security may be given to the bridge when down 
by attaching two chains beneath 3ie platform, and securing them 
to anchoring-points at the bottom of the well. In some cases a 
heavy bar, fitted to staples beneath connected with the timbers 
of the platform, is used for the same purpose. 

In double bridges the two platforms when lowered should abut 
against each other, giving a slight elevation to the centre of the 
bridge. This not only gives greater stiffness, but is favorable to 
detaching the platforms when the bridge is to be raised. 

For draw, and every kind of moveable bridge, temporary bar- 
riers should be erected on each side at the entrance upon the 
bridge, to prevent accidents by persons attempting to cross the 
bridge before it is properly secured when lowered. 

627. Turning-bridges. These bridges revolve horizontally 
upon a vertical shaft, or gudgeon below the platform, which is 
usually thrown far enough back from the face of the abutment tG 

！) lace the side of the bridge, when brought round, just within this 
ace. The weights of the parts of the bridge around the shaft 
should balance each other. 

To support and manoeuvre the bridge (Fig. 146) a circular 
ring of iron, or roller-way, of less diameter than the breadth of 
Jbe bridge, and concentric with the ver:ical shaft, is firmly im- 
oedded in masonry. 、 Fixed rollers, in the shape of tnmcated 
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cones, are attached at equal distances apart to the frjune-wcrk of 
the platform beneath, and rest upon the roller-way. The bridge 




Fig. 146— RepresentB the amuigement of ft tuiniog-bridge. 

a, platform of the bridge. 

b、 vertical poslfl to which the iron itayvii, it are attaohad. 
£, vertical shaft or gudgeon on which the bddge tumt. 

o. 0. conical roUen. 



is worked by a suitably arranged tooth-work, or by a chain and 
capstan. In some cases cast-iron balls, resting on a grooved 
roHer-way and fitting into one of corresponding shape fixed be- 
neath the platform, nave been used for manoeuvring the bridge. 

The ends of the bridge are cut in the shape of circular arcs tc 
fit recesses of a corresponding form in the abutments, so arranged 
as not to impede the play of the bridge. 

In double tuming-oriages the two ends of the platforms which 
come together should be of a curved shape. The platforms 
should be sustained from beneath by struts, like those used for 
draw-bridges, which can be detached and drawn into recesses 
when the passage is interrupted ； or else they may be amuiged 
with a ball-and-socket joint at their lower extremity, so as to be 
brouglit round with the bridge. Fop the purpose of giving addi- 
tional strength and security to the bridge, iron stays are, in some 
cases, attached on each side of the platform near the extremities, 
and connected with vertical posts plabed in a line with the verti* 
cal shaft. 

Turning-bridges may be made either of timber, or of cast iron ； 
the latter material is the more suitable, as admitting of more ac- 
curacy of workmanship, and not being liable to the derangements 
caused by the shrinking or warping of frame-work of timber. 

628. Kolling'bridges. These oridges are placed upon fixed 
rollers, so that they can be moved forward or backward, to inter- 
rupty or open the communication across the water-way. The 
part of the bridge that rests upon the rollers, when the passage 
18 closed, must form a counterpoise to the other. The mechan- 
iam usually employed for manoeuvring these bridges consists of 
tooth-work, and may be so arranged that it can be worked by 
one or more persons standing on the bridge. Instead of fixed 
toilers turning on axl 〕8, iron balls resting in a grooved roUer-waj 
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jBiy be iflod, a similar roller-way being affixed to the fijime-woik 
boneath. 

629. Baaliridge. A moveable bridge of this kind may ba 
made by placing a platform to form a roadway upon a boat, or a 
water-tight box of a suitable shape. This bridge is placed in, or 
withdrawn from the water-way, as circumstances may require, a 
suitable recess or mooring being ananged for.it near the water 
way when it is left open. 

A bridge of thia character cannot be conyeniently used in tidal 
waters, except at certain stages of the water. It may be em 
ployed with advantage on canals in positions where a fixed bridge 
could not be placed. 

AQUEDUGT-BRroGES. 

630. In aqueducts and aqueduct-bridges of masonry, for sup* 
plying reservoirs for the wants of a city, or for any other purpose, 
the volume of water conveyed being, generally speaking, small, 
the structure will present no peculiar difficulties beyond affording 
a water-tight channel This may be made either of masonry, oi 
of cast-iron pipes, according to the quantity of water to be deliv- 
erecL If formed of masonry, the sides and bottom of the channel 
should be laid in the most careful manner with hydraulic cement, 
and the surface in contact with the water should receive a coating 
of the same material, particularly if the stone or brick used be 
of a porous nature. This part of the structure should not be 
commenced until the arches have been uncentred and the heavier 
parts of the structure have been carried up and have had time to 
settle. The interior spandrel-filling, to the level of the masonry 
which forms the bottom of the water-way, may either be formed 
of solid material, of good rubble laid in hydraulic cement, or of 
Won well settled in layers ； or a system of interior walls, like 
those used in common bridges for the support of the roadway, 
may be used in this case for the masonry of the water-way to 
rest on. 

631. In canal aqueduct-bridges of masonry, as the volume of 
water required for the purposes of navigation is much greater 
than in the case of ordinary aqueducts, and as the structure has 
to be traversed bj horses, every precaution should be taken tc 
procure great, solidity, and secure the work from accidents. 

Segment arcnes of medium span will generally be found most 
suitable for works of this character. The section of the water- 
way is generally of a trapezoidal form, the bottom line being 
honzont^ and the two sides receiving a slight batir ； its dimen 
•ions are usually restricted to allow the passage of a single boat 
at a time. On one side of the water-way a horse or tow path ii 
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placed, and on the other a narrow footpath. The water*way 
should be faced with a hard cut-stone masonry, wcD bonded to 
secure it from damage from the passage of the boats. The space 
between the facing of the water-way, termed the trunk ot the 
aqueduct, and the head- walls, is filled .'b with solid material, either 
of rubble or of beton. 

A parapet-walUof the ordinary form and dimensions surmounts 
the tow and footpaths. 、 

The approach to an aqueduct-bridge from a canal is made by 
gradually increasing the width of the trunk between the wings, 
yhich, for this purpose, usually receives a curved shape, and 
narrowing the water-way of the canal so as to form a convenient 
access to the aqueduct. Great catre should be taken to form a 
perfectly water-tight junction between the two works. 

632. When cast iron or timber is used for the trunk of an 
aqueduct^bridge, the abutments and piers should be built of stone. 
The trunk, which, if of cast iron, is formed of plates with flanches 
to connect them, or, if of timber, consists of one or two thick- 
nesses of plank supported on the outside by a framing of scant- 
ling, may be supported by a bridge-frame of cast iron, or of tim-. 
ber, or be suspended from chains or wire cables. 

The tow-path may be placed either within the water-way, or, 
as is most usually done, without. It generally consists of a sim- 
ple flooring of plank laid on cross-joists supported from beneath 
by suitably arranged frame-work. 

633. The following succinct descriptions of some of the aque 
duct-bridges of the iJniled States and of Europe are derived from 
authentic sources. 

Chirk Aqueduct-bridge over the Ceriog. This work, built by 
Telford, consists of 10 full centre arches of masonry, of 40 feet 
span each. The water-way is only 1 1 feet wide and 5 feel deep. 
The tow-path 6 feet wide. 

The piers of this work, which in some places are over 100 feel 
i， . height, are built hollow for some distance below the top ； the 
icing being connected by cross-walls upon which the Dottom 
jf the water-way, fqnned of broad iron-nanched plates, and the 
masonry of the sides rest. 

Pont-jj-Cystile Aqueduct-bridge over the Dee. This is also 
one of Telford's early works. The trunk is of cast-iron platen 
connected by flanches. These rest upon stone piers and upon a 
bridge-frame of cast iron consisting of four ribs of solid panels. 
The span of the ribs is 45 feet and the rise 7| feet. 

The breadth of the water-way is 11 feet 10 inches. The tow- 
path is 4 feet 8 inches wide, and is placed within the wate, way, 
mting upon casUiron upriffhtfi. 

The canal aqueduct-bridges at Guftin over the AJlier, and a 
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Digtnn upon the Loire, are among the more recent Atructures of 
this character in France. They are both built upon the same 
plan, aiid of mixed masonry. The first has eighteen arches ； 
the second eleven. The span of each arch is 52^ feet, and the 
rise about 23 feet. The piers are about 10 feet thick at the im 
post. The breadth of the aqueduct between the heads is 31 feet, 
and that of the water-way about 16 feet. 

Rochester Canal Aqueduct4)ridge. This is the most recent 
and the largest aqueduct-bridge built entirely of masonry in the 
United States, it consists of seven segment arches. Its water 
way is of sufficient width for the passage of two boats, and is 
ailapted to the enlargement of the Erie canal. The span of each 
arch is 52 feet; Ine rise 10 feet. The key-stone is 2 feet 
6 inches in depth, and the top of it is on a level with the bottom 
of the trunk. The piers are 10 feet thick at the impost. The 
water-way is 9 feet in depth, the masonry of the sides receiving 
a batir of 2 inches in one foot. The aepth of water is 7 feet, 
and the width at the water-line 45 feet. The sides of the water- 
way, the top surface of which forms the tow-paths, are 11 feet in 
width at top, including the projection of the coping. The trunk 
at each extremity is gradually enlarged, in a curved shape, to the 
width of 55 feel, where it unites with the slopes of the water-way 
of the canal. 

This work is built throughout in ^ very strong and superior 
manner, of heavy blocks of gray lime-stone laid in hydraulic 
mortar. 

Potomac Canal Aqueduct-bridge. This work, originally in- 
tended to be of stone throughout, was to have consisted of twelve 
oval arches of eleven centres^ the span of each being 100 feet, 
and the rise 25 feet Every third pier forms an abutment-pier, 
and is 21 feet thick at the impost ； the others are only 12 feet 
thick at the same level. The piers have been built upon the 
original design, but a wooden superstructure, consisting of the 
trunk of the aqueduct, a low-path, and the frame-work for their 
support, has been substituted for the stone arches. 

The trunk (Fig. 147) is formed of a frame consisting of two 
parallel open*buiit beams, connected at bottom by parallel cross- 
joists and horizontal diagonal braces, which are sheathed on the 
interior with plank to form the water-way. 

Each of the open-built beams is composed of a top and bottom 
string connected by uprights that project above and below the 
strings, and by single aiagoral braces placed between each pair 
of uprigfats. 

The tow-path is placed on the outside of the trunk, and con 
fisto of a flooring laid upon cross-jcfsts placed between one of tbt 
built beams of the trunk and a thiic* parallel to it. 
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The exteriar-buflt beam of the tow-path is fmraed of smftUoi 
■canding than the other two. It is connected with the buiit 
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Fig. 147— Reprwenti ft cross section of the tnmk and tow-path of tha 
Potomac canal aquaduci-biidge. 

A, interior of trunk. 

B, tow-path. 

a, a, uprights of the open-bnilt beami on the adei of tha trank. 
^ upright of the qpen-built beam of the tow-path, 
e. lower strings oi the built lieaoii. 
d， upper string. 

«, crosB-joiflts on which the sheathing of the bottom of the trunk mil* 

n, maa-ioigfiM of the tow-path. 

m, yertical diagonal bncM between the craBjokta. 

/, parapet. 

beam of the trunk by every fourth cross-joist of the trunk, by the 
top cross-joists of the flooring, and by vertical diagonal braces 
placed between each pair of top and bottom cross-joists. 

The uprights of the exterior-built beam of the tow-path pro- 
ject sufficiently high above the flooring to form a parapet. 

The frame-work of the trunk and tow-path is supported at 
intermediate points from beneath by inclined struts wnich abut 
against the faces of the piers at a point above the high-water 
level. 

The aection of the water-way is rectangular. The interior 
width is 17 feet; the height of the sheathing 8 feet 4 inches 
within ； and the depth of water 4 feet 4 inches. 

The surface of the tow-path is 6 feet wide between the uprigbts 
of the: built beams, and is on a level with the top of the sheatbing. 
The exterior parapet is 3 feet 10 inches above the level of the 
tow-path, and an interior parapet, 2 feet above the same level, is 
formed by a capping on tne uprigbts of the built beam, making 
the height of the capping on each side of the trunk 10 feet 4 
inches above the sheathing of the bottom. 

The frame-work of this structure is simple in its combinations 
and well arranged both for strength and stiffness. 

Wire Suspension Canal Aqueduct-bridge over the AUe^han^ 
met at PitlsburgK This novel work (Fig. 148) was {^nned 
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ml constructed by Mr. Roebling, through whom the foUowiig 
detailed description was obtained : 

" This work ia formed of seven spans of 160 feet each from 
centre to centre of pier. The tninn i， ol wood and 1 140 fta, 
Jong, i4 feet wide at oottom, 16| feet wide on top; the sides 6 
feet deep. These as well as the bottom are comp • 
doi^e course of 2| inch white-pine plank laid diagi 
two counes croising each other at rignt angle', so aa 
•olid laUice-4'oi^ of great strength and stiffiiess, sufficient I 
its own weight and resist the effects of the most violent , 
The bottom of the trunk rests upon transTerse beams, ar 
in psira 4 feet apazt ； between these the posts which sup 
sidoa of the trunk are let in with dove-teiled tenons, sec 
bolts. The outside posts which 8U[^rt the iide-w&lk and b 
(wth iodine outwanu and are connected with the beams in a 
■imilar umnnet. E»ch tmnk-pott is httkt by two braces S^xifl 
incbea, aad connected with the ootride post* by a double jf»ft of 
2^x10. Th» tnmk^KMti are 7 inebw aqutre it top lod 
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7x14 at the heel. The transverse beams are 27 feet long )A 
inches deep, and 6 inches wide ； the space between the two ad- 
joining is 4 inches. It will be observed that all parts of the 
frame, with the exception of the posts, are double, so as to admit 
the suspension-rods. Each pair of beams is supported on each 
side of the trunk by double suspending-rods oi 1} inch round 
bar-iron, bent in the shape of a stirrup, and mounted on a small 
cast-iron saddle, which rests on the cable. These saddles are on 
top of the cables connected by links, which diminish in size from 
the pier towards the centre. The sides of the trunk rest solid* 
agains) the bodies of masonry, which are erected on each pier 
and abutment as bases for the pyramids which support the cables. 
These pyramids, which are constructed of three blocks or courses 
of a durable coarse-grained hard mountain sand-stone, rise 5 feet 
above the level of the side-walk and tow-path, and measure 3x5 
feet on top, and 4x6| feet in base. The side-walk and tow-path 
being 7 feet wide, leave 3 feet space outside for the passage of 
he pyramids ； the ample width of the tow and footpath is Inere- 
,ore contracted on every pier ； but this arrangement proves no 
inconvenience, and was necessary for the suspension of the c^'xes 
next to the trunk. 

" As the caps which cover the saddles and cables on the pyra- 
mids rise 3 feet above the inside, or trunk-railing, they would 
obstruct the passage of the tow-line ； this however is obviated 
by a slide-rod of round iron, which passes over the top of the cap 
and forms a gradual slope down to the railing on each side of the 
pyramid. 

" The wire cables, which are the main support of the structure, 
are suspended next to the trunk, one on each side. Each of 
these two cables is exactly 7 inches in diameter, perfectly solid 
and compact, and constructed in one piece from shore to shore, 
1175 feet long ； it is composed of 1900 wires of { inch diameter, 
which are laid parallel to each other. Great care has been taken 
to insure an equal tension of the wires. The oxidation of the 
wires is guarded against by a varnish applied to each separately. 
The preservation of the cables is insured by a close, compact, 
and continuous wrapping, made of annealed wire And laid on by 
machinery in the most perfect manner 

" The extremities of the cables on the aqueduct do not extend 
below ground, but connect with anchor-chains, which in a curved 
line pass through large masses of masonry, the last links occupy- 
ing a vertical position. The bars composing these cha ns aver- 
age 1^x4 inches, and are from 4 to 】2 feet long; ihey are 
manufactured of boiler-scrap, and forged in one piece wit I out 赢 
weld. The extreme links are anchored to heavy cast-iron platei 
sf 6 feet square, which are held down by the foundations, upoc 
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which the weifht of 700 perches of masonry rests. The stability 
of this' T)eit 01 the structure is fully insured, as the resistance of 
the ancnon^ is twice as great as the greatest strain to which the 
chains can ever be subjected. 

" The plan of anchorage adopted on the aqueduct varies mate- 
rially from those methods usuaUy applied to suspension bridges, 
where an open channel is formed under ground for the passage 
of the chains. The chains below ground are imbedded and com- 
pletely surrounded by cement In the construction of the ma- 
Bonry this material and common lime-mortar have been abundantly 
applied. The bars are painted with red lead : their preservation 
is rendered certain by the known quality of calcareous cements to 
prevent oxidation. If moisture should find its way to the chains, 
It will be saturated with lime, and add another calcareous coat- 
ing to the iron. This portion of the work has been executed 
with scrupulous care, so as to render it unnecessary, on the part 
of those who exercise a surveillance over the structure, to examine 
it The repainting of the cables every two or three years will 
insure their duration for a long period. 

" Where the cables rest on the saddles, their size is increased 
at two points, by introducing short wires and forming swells 
which fit into corresponding recesses of the casting. Between 
these swells the cable is forcibly held down by three sets of 
strong iron wedges, driven through openings which are cast in 
the sides of. the saddle. During the raising of the frame-work, 
the several arches were frequenUy subjectea to very uneaual and 
considerable forces, which never disturbed the balance, and proved 
the correctness of previous calculations. The woodwork in any 
of the arches, separately, may be removed and substituted by new 
material, without affecting the equilibrium of the next one. 

" The original idea upon which the plan has been perfected, 
was to form a wooden trunk, strong enough to support its own 
weight, and stiff enough for an aqueduct, or bridge, and to com* 
bine this structure with wire cables, of a sufficient strength to 
bear safely the great weight of water. 



" Table of Quantities on Aqueduct 



Length of aqueduct without extensions 
Length of cables • • 

Length of cables and chains 
Diameter of cables . 
Aggregate weight of both cables 
Sectioo of 4 feet of water in trank 
Total weight of water in aqueduct 
Do. do. in one span 

Weight of one span iDcladiog all 
Aggiegatp oamber of wires in both cables 



1140 feet. 
1175 
1383 

7 inches. 
110 tons. 
59 superf. fim 
9100 tons. 
895 " 
4S0 " 
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Aggregate solid sec'tior of both cables • • • 53 suporf. inek 

Do. do. anchor-chains . 72 ** ' 

Deflection of cables 14 feet 6 iaeV 

Elevation from top of pyramids to top of piers . 16 " 6 " 

Weight of water in one span between piers ， . 275 tons. 

Tension of cables resulting from this weight • 399 " 

Tension of one single wire ... . 206 lbs. 

Arerage ultimate strength of one wire 1100 " 

Ultimate strength of cables 8000 tou. 

Tension resulting from weight of water upon 1 solid 

square inch of wire cable 14800 lbs. 

Tension resalting from yeight of water upon 1 square 

inch of anchor-chains . 11000 " 

Prearare resalting from water upon a pyramid • 137| tons 

Do. upon one soperfioial foot * 18400 m.*' 
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634. In establishing a line of internal communication 《'f any 
rnaracter, whether it be an ordinary road, railroad, or canal, the 
main considerations to which the attention of the engineer must 
be directed in the outset are ~ 1, the probable character and 
amount of traffic over the line ； 2, the wants of the community 
in the neighborhood of the line ； 3, the natural features of the 
country, between the points of arrival and departure^ as regards 
their adaptation to the proposed communication. 

As the last point alone comes excluaively within the province 
of the engineer's art, and within the limits prescribed to tms work, 
attention will be confined solely to its consideration. 

635. Reconnaissance. A thorough examination and study of 
the ground by the eye, termed a reconnaissance, is an indis- 

Eensable preluninary to any more accurate knd minute survey 
y instruments, to avoid loss of time, as by this more rapid ope- 
ration any ground unsuitable for the proposed line will be as cer- 
tainly detected by a person of some experience, as it could be by 
the slow process of an instrumental survey. Before however pro- 
ceeding to make a reconnaissance; a careful inspection of the 
generad maps of that portion of the country through which the 
communication is to pass, will facilitate, and may considerably 
abridge, the labors of the engineer ； as from the natural features 
laid down upon them, particularly the direction of the water- 
courses, he will at once be able to detect those points which will 
be favorable, or otherwise, to the general direction selected for 
the line. This will be sufficiently evident when it is considered 
一 1， that the water-courses are necessarily the lowest lines of 
the valleys through which they flow, and that their direction must 
also be tiiat of the lines of greatest declivity of their respective 
valleys ； 2, that from the position of the water-courses the position 
also of the hi^ grounds by which they are separated naturally 
follows, as well as the approximate position at least of the ridges, 
or highest lines of the high grounds, which separate their opposite 
slopos, and which are at tHe same time the lines of greatest de- 
clivity common to these slopes, as the water-courses are the cor 
responding lines of the slopes that form the valleys. 

Keeping these facts (which are susceptible of risid mathemati 
cal demonstration) in view, it will be practicable, &om a careful 
examination of an ordinary general map, if accurately cor 8tructed« 
iiot only to trace, with considerable accuracy, the general direc 
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lion of the ridges from having that of the water-courses, but alnc 
to detect those depressions in them which will be favorable to the 
passage of a communication intended to connect two main or two 
secondary valleys. The following illustrations may serve to place 
this subject in a clearer aspect. 

】f, for example, it be found that on any portion of a map the 
water-courses seem to diverge from or converge towards one point, 
it will be evident that the ground in the first case must be the 
common source or supply of the water-courses, and therefore the 
highest ； and in the second case that it is the lowest, and forma 
their common recipient. 

If two water-courses flow in opposite directions from a common 
point, it will show that this is the point from which they derive 
their common supply, at the head oi their respective valleys, and 
that it must be fed by the slopes of high grounds above this point ； 
or, in other words, that the valleys of the two water-courses are 
separated by a chain of high grounds, which, at the point where 
it crosses them, presents a depression in its ridge, which would 
be the natural position for a communication connecting the two 
valleys. 

If two water-courses flow in the same direction and parallel to 
each other, it will simply indicate a general inclination of the 
ridge between them, in the same direction as that of the water- 
courses. The ridge, however, may present in its course eleva- 
tions and depressions, which will be indicated by the points in 
which the water-courses of the secondary valleys, on each side 
of it, intersect each other on it ； and these will be the lowest 
points at which lines of communication, through the secondary 
valleys, connecting the main water-courses, would cross the divi- 
ding ridge. 

If two water-courses flow in the same direction, and parallel 
to each other, and then at a certain point assume divergent direc- 
tions, it will indicate that this is the lowest point of the ridge be- 
Iweeen them. 

If two water-courses flow in parallel but opposite directions, 
depressions in the ridge between them will be .shown by the 
meeting of the water-courses of the secondary valleys on the 
ridge ； or by an approach towards each other, a any point, of 
the two principal water-courses. 

Furnished with the data obtained from the maps, the charactei 
of the ground should be carefully studied both ways by the en 
gineer, first from the point of departure to that of arrival, and thee 
returning from the latter tc the former, as without this double 
traverse natural features of essential importance might eacajM 
.be eye. 

636. Surveys. From the results of the reconnaissance, thf 
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engineer will be able to direct understandingly the requisite sur 
Teys, which consist in measuring the lengths, determining the 
directions, and ascertaining both the longitudinal and cross tevelfl 
of the diiTerent routes, or, as they are termed, trial lines, with 
sufficient accuracy to enable him to make a comparative estimate 
both of their practicability and cost. As the expense of making 
the requisite surveys is usually but a small item compared with 
that of constructing the communication, no labor should be spared 
in running every practicable line, as otherwise natural features 
might be overlooked which might have an important influence on 
the cost of construction. 

637. Map and Memoir, The results of the surveys are ac* 
curately emoodied in a map exhibiting minutely the topographical 
features and sections of the different trial lines, and in a memoir 
which should contain a particular description of those features of 
the ground that cannot be shown on a map, with all such infor- 
mation on other points that may be regarded as favorable, or 
otherwise, to the proposed communication ； as, for example, the 
nature of the ； soil, that of the water-courses met with, &c" dec. 

638. Location of common Roads. In selectinff among the 
different trial-lines of the survey the one most suitaole to a com- 
mon road, the engineer is less restricted, from the nature of the 
conreyaiice used, than in any other kind of communication. The 
main points to which his attention should be confined are ~ 1, to 
connect the points of arrival and departure by the most direct, or 
shortest line ； 2， to avoid unnecessary ascents and descents, or, 
in other words, to reduce the ascents and descents to the smallest 

{practicable limit ； 3， to adopt such suitable slopes, or gradients^ 
or the axis, or centre line of the road, as the nature of the con- 
veyance may demand ； 4, to give the axis such a position, with re- 
gard to the surface of the ground and the natural obstacles to be 
overcome, that the cost of construction for the excavations and 
embankmenU required by the gradients, and for the bridges and 
other accessories, shall be reduced to the lowest amount. 

639. Deviations from the right line drawn on the map, between 
the points of arrival and departure, will be often demanded hy the 
natural features of the ground. In passing the dividing ndges 
of main, or secondary valleys, for example, it will frequently be 
found more advantageous, both for the most suitable ffradients, 
and to diminish the amount of excavation and embankment, tc 
cross the ridge at a lower point than the one in which it is inter- 
Bected by the right line, deviating from the right line eithet 
towards the head, or upper part of the valley, or towards its out- 
let according to the advantages presented by the natural features 
of the ground, both for reducing the gradients and the amount of 
excavation and e jabankment 
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Where the right line intersecto either a marsh, or wat6r-«mrte, 
it may be found less expenuTe to change the <^ection, avoiding 
the. marsh, or intersecting the water-course at a point where the 
cost of construction of a bridge, or of the approaches to it, wil 
be moie favorable than the <»ie in which it is intersected by the 
right line. 

Changs from the direction of the right line may also be fa 
vorable tor the purpose of avoiding the intersection of secondary 
water-courses ； of gaining a better soil for the roadway ； of giv- 
ing a better exposure of its surface to the sun and wind ； or of 
procuring better materials for the road-covering. 

By a careful comparison of the advantages presented by these 
different features, the engineer will be enimlea to decide bow fai 
the general direction of ue right line may be departed from with 
advantage to the location. By choosing a more sinuous course the 
length of the line will often not be increased to any very consider 
able degree, while the cost of construction may be greatly re- 
duced, either in obtaining more fayorable gradients, or in lessening 
the amount of excavation and embankment. 

640. When the points of arrival and departure are upon dif- 
ferent levels, as is usually the case, it will seldom be practicable 
to connect them by a continual ascent. The most that can be 
done will be to cross the dividing ridges at their lowest points, 
and to avoid, as far as practicable, the intersection of considerable 
secondary valleys which might require any considerable ascent 
on one side and descent on the other. 

641. The gradients upon common roads will depend upon the 
kind of material used for the road-covering, and upon the state 
in which the road-surface is kept. The gradient in all cases 
should be less than the angle of repose, or of that inclination of 
the axis of the road in which the ordinary vehicles for tr^nsporta 
tion would remain at a state of rest, or, if placed in motion, would 
descend by the action of gravity with uniiorm velocity. 

The gradients corresponding to the angle of repose have been 
ascertained by experiments made upon the various road-coverings 
in ordinary use, oy allowing a vehicle to descend alonff a road 
of variable incliiiation until it was brought to a state of rest by 
the retarding force of friction ； also, by ascertaining the amount of 
force, termed the force of traction, requisite to put in motion a 
vehicle with a given load on a level road. 

The following are the results of experiments made by Mr 
Macneill, in England, to determine the force of traction for one 
ton upon level roads. 
No. 1. Good pavement, the force of traction is • 33 lbs 

" 2. Broken sione surface laid on on old flint road 65 " 

" 3. Gravel road 147 ' 
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Ho. 4. Broken-stone surface on a rough pave nent 

bottom 16 lbs. 

" 5. Broken-stone surface on a bottom of beton • 46 " 
From this it appears that the angle of repose in the first case 
w represented by tUtf or nearly ； and that the slope of 
tbe xoad ahoiild therefore not be greater than one perpendicular 
to «ixty-eight in length ； or that the height to be overcome must 
not be greater than one sixty-eighth of the distance between the 
two points measured along the road, in order that the force of 
friction may counteract that of gravity in the direction of the 
road. 

A similar calculation will show that the angle of repose in the 
other cases will be as follows : 

No. 2, . . . . 1 to . . . 35 nearly. 
" 3, . . . . 1 to • • • 15 " 
" 4 and 6, . • . 1 to . • . 49 " 

These numbers, which give the angle of repose between ^ 
and for the kinds of road-covering Nos. 2 and 4 in most or- 
dinary use, and corresponding to a road-aurface in good order 
may be somewhat increased, to from to for the ordinary 
state of the surface of a well-kept road, without there being any 
necessity for applying a brake to the wheels in descending, or 
going out of a trot in ascending. The steepest gradient that can 
be^Uowed on roads with a broken-stone covering is about ^V* as 
this, from experience, is fqund to be about the angle of repose 
upon roads of this character in the state in which they are usually 
kept. Upon a road with this inclination, a horse can draw at a 
walk his usual load for a level without requiring the assistance 
of an extra horse ； and experience has farther shown that a horse 
at the usual walking pace will attain, with less apparent fatigue, 
the summit of a gradient of 飞 in nearly the same time that he 
would require to reach the same point on a trot over a gradient 
of 、、• 

A road on a dead level, or one with a continued and uniform 
ascent between the points of arrival and departure, where they lie 
upon different leyels, is not the most favorable to the draft of the 
horse. Each of these seems to fatigue him more than a line of 
attemate ascents and descents of slight gradients ； as, for exam- 

！) ie, gradients of fir, upon which a horse will draw as heavy a 
oad with the same speed as upon a horizontal road. 

The gradients should in all cases be reduced as far as prac* 
ticable, as the extra exertion that a horse must put forth in ovcr- 
cuminff heavy gradients is very considerable ； they should as a 

Sineral rale, therefore, be kept as low at least as jV> wherever 
e ground will admit of it. This caQ generally be effected, even 
iu aiiceiidiiig steep hill-sides, by giving ihe axis of ihe road a 
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sag direction, connecting the straight portions of the zigzags bj 
circulai arcs. The grad ents of the curved portions of the zig* 
zags should be reduced, and the roadway also at these points be 
widened, for the safety of vehicles descending rapidly. The 
width of the roadway may be increased about one fourth, when 
the angle between tne straight portions of the zigzags is from 
120° lo 90** ； and the increase should be nearly one naif where 
the angle is from 90** to 60°. 

642. Having laid down upon the map the approximate location 
of the a^s of the road, a comparison can then oe made between 
the solid contents of the excavations and embankments, which 
should be so adjusted that they shall balance each other, or, in 
other words, the necessary excavations shall furnish sidficient 
earth to form the embankments. To effect this, it will frequently 
be necessary to alter the first location, by shifting the position of 
the axis to the right or left of the position first assumed, and alM 
by changing the gradients within the prescribed limits. This 
is a problem of very considerable intricacy, whose solution can 
only be arrived at by successive approximations. For this pur 
pose, the line must be subdivided into several portions, in each 
of which the equalization should be attempted independently of 
the rest, instead of trying a general equalization for the whole 
line at once. 

In the calculations of solid contents required in balancing tne 
excavations and embankments, the most accurate method consists 
in subdividing the different solids into others of the most simple 
geometrical forms, as prisms, prispoids, wedges, and pyramids, 
whose solidities are readily determined by flie ordinary rules for 
the mensuration of solids. As this process, however, is frequently 
long and tedious, other methods requiring less time but not so 
accurate, are generally preferred, as their results give an approx- 
imation sufficiently near the true for most practical pur^xMiea. 
They consist in taking a number of equidistant profiles, and cat 
dilating the solid contents between each pair, either by multiply- 
ing the half sum of their areas by the distance between them, or 
else by taking the profile at the middle point belweeu each pair, 
and multiplying its area by the same length as before. Fhe 
latter method is the more expeditious ； it gives less than the true 
solid contents, but a nearer approximation than the former, which 
gives more than the true solid contents, whatever may be the 
form of the ground between each pair of cross profiles. 

In calculating the solid contents, allowance must be made for 
the difference in bulk between the different kinds of earth when 
occupying their natural bed and when made into embankment 
FVom some careful experiments on this point made by Mr. Elwood 
Monrifl, a civil ei'gineer, and published in tb Franklin Journai 
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it appea:s that light Sindy earth occupies tli6 same space both in 
excavation and embankment ； clayey earth about one tenth less 
in embankment than in its natural bed ； gravelly earth also about 
one twelfth less ； rock in large fragments about five twelfths 
more, and in small fragments about six tenths more. 

643. Another problem connected with the one in question, is 
that of determining the lead, or the mean distance to which the 
earth taken from the excavations must be carried to form the 
embankments. From the manner in which the earth is usually 
transported from the one to the other, this distance is usually that 
between the centie of gravity of the solid of excavation and 
that of its corresponding embankment. Whatever disposition 
may be made of the solids of excavation, it is important, so far 
as the cost of their removal is concerned, that the lead should be 
the least possible. The solution of the problem under this point 
of view will frequently be extremely intricate, and demand the 
application of all the resources of the higher analysis. One gen- 
eral principle however is to be observed in all cases, in order to 
obtain an approximate solution, which is, that in the removal of 
the different portions of the solid of excavation to their corre- 
sponding positions on that of the embankment, the paths passed 
over by their respective centres of gravity shall not cross each 
other either in a horizontal, or vertical direction. This may in 
most cases be effected by intersecting the solids of excavation 
and embankment by vertical planes in the direction of the re- 
moval, and by removing the partial solids between the planes 
within the boundaries marked out by them. 

644. The definitive location having been settled by again going 
over the line, and comparing the features of the ground with the 
results furnished by the preceding operations, general and de- 
tailed maps of the different divisions of the definitive location are 
prepared, which should give, with the utmost accuracy, lon- 
gitudinal and cross sections of the natural ground, and of the ex- 
cavations and embankments, with the horizontal and vertical 
measurements carefully written upon them, so that the superin- 
cending engineer may have no difficulty in setting out the work 
from tnem on the ground. 

In addition to these maps, which are mainly intended to guide 
the engineer in regulating the earth-work, detailed drawings of the 
road-covering, of the masonry and carpentry of the bridges, cul- 
verts, &c、, accompanied by written specifications of the manner 
in which the various kind of work is to be performed, should be 
prepared for the guidance both of the engineer and workmen. 

645. With the data furnished by the maps and drawings, the 
engineer can proceed to set out the line on the ground. The 
txis of the road is determined by placing storit stakes, or picket^ 
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at equal intervals apart, which are nunAieixid to correspond wh \ 
the same points on the map. The width of the roadway and the 
lines on the ground corresponding to the side slopes of the exca* 
vati^ns and embankments, are laid out in the same manner, by 
staked placed along the lines of the cross profiles. 

Besides the numbers marked on the stakes, to indicate their 
position on the map, other numbers, showing the depth of the 
excavations, or the height of the embankments from the surface 
of the ground, accompanied by the letters Cut, Fill, to indicate a 
cutting, or a Jfilling^ as the case may be, are also added to guide 
the workmen in their operations. The positions of the stakes on 
the ground, which show the principal points of the axis of the 
road, should, moreover, be laid down on the map with great ac- 
curacy, by ascertaining their bearings and distances from any fixed 
and marked objects in their vicinity, in order that the points may 
be readily found should the stakes be subsequently misplaced. 

646. Earth-work. This term is applied to whatever relates to 
the construction of the excavations and embankments, to prepare 
them for receiving the road-covering. 

647. In forming the excavations, the inclination of the side 
slopes demands peculiar attention. This inclination will depend 
on the nature ot the soil, and the action of the atmosphere and 
internal moisture upon it. In common soils, as ordinary garden 
earth formed of a mixture of clay and sand, compact clay, and 
compact stony soils, although the side slopes would witnstand 
very well the effects of the weather with a greater inclination, it 
is best to give them two base to one perpendicular ； as the sur- 
face of the roadway will, by this arrangement, be well exposed 
to the action of the sun and air/ which will cause a rapid evapo- 
ration of the moisture on the surface. Pure sand and eravel may 
require a greater slope, according to circumstances. In all cases 
where the depth of the excavation is great, the base of the slope 
should be increased. It is not usual to use any artificial means 
to protect the surface of the side slopes from the action of the 
weather ； but it is a precaution which, in the end, will save much 
labor and expense in keeping the roadway in good order. The 
simplest means which can oe used for this purpose, consist in cov- 
ering the slopes with good sods, (Fig. 149,) or else with a layer 

C Fi^. l40-€roaB nctkm " a rea^ 
m exoayation. 

A, road-nirfaoe. 

B, nde alcmi. 

C, top Bunace-dndn. 

of vegetable mould about four inches thick, carefully laid and 
sown with grass seed. These means will be amply sufficient to 
protect the side slopes from injury when they are not exposed U 
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vxy other causes of deterioration than the wash of the rain, and 
ihe action of frost on the ordinary moisture retained by the soil. 

The side slopes form usually an unbroken surface from the 
foot to the top. But in deep excavations, and particularly in soils 
liable to slips, they are sometimes formed with horizontal offsets, 
termed benches^ which are made a few feet wide and have a ditch 
on the inner side to receive the surface-water from the portion of 
the side slope above them. These benches catch and retain the 
earth that may fall from the portion of the side slope above. 

When the side slopes are not protected, it will oe well, in lo- 
calities where stone is plenty, to raise a small wall of dry stone 
at the foot of the slopes, to prevent the wash of the slopes from 
being carried into the roadway. 

A covering of brush wood, or a thatch of straw, may also be 
used with good effect ； but, from their perishable nature, they 
will require frequent renewal and repairs. 

In excayations through solid rock, which does not disintegrate 
• on exposure to the atmosphere, the side slopes might be made 
perpendicular ； but as this would exclude, in a great degree, the 
action of the sun and air, which is essential to keeping £e road- 
surface dry and in good order, it will be necessary to make the 
side slopes with an inclination, varying from one base to one 
perpendicular, to one base to two perpendicular, or even greater, 
according to the locality ； the inclination of die slope on the 
south side in northern I^tudes being greatest, to expose better 
the road-surface to the sun's rays. 

The slaty rocks generally decompose rapidly on the surface, 
when exposed to moisture and the action of frost The side 
slopes in rocks of this character maybe cut into steps, (Fig. 150,) 




and then be covered by a layer of vegetable mould sown in grass 
seed, or else the earth may oe sodded in the usual way. 

648. The stratified soils and rocks, iii which the strata hare a 
dij), or inclination to the horizon, are liable to slips, or to give 
way by one stratum becoming det^hed and sliding on another 
which is caused either from the action of frost, or from the pres* 
Bure of water, which insinuates itself between the strata. The worst 
roils of this character are those formed of alternate strata of clay 
and sand ； particularly if the cliiy is of a nature to become semi- 
fluid when mixed with water. The best preventives ihat can be 
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refK)rted to in these cases, are to adopt a thorough system d 
drainage, to prevent the surface-water of the ground from run 
ning down tlie side slopes, and to cut off all springs which luc 
towards the roadway from the side slopes. The surface-watex 
may be cut off by means of a single ditch (Fig. 149) made on 
the up-hill side of the road, to catch the water before it reaches 
the slope of the excavation, and convey it off to the natural 
water-courses most convenient ； as, in almost every case, it wiP 
be found that the side slope on the down-hill side is, compara- 
tively speaking, but slightly affected by the surface-water. 

Where slips occur irom the action of springs, it frequently 
becomes a very difficult task to secure the side slopes. If the 
sources can be easily readied by excavating into the side slopes, 
drains formed of layers of fascines, or brush-wood, may be placed 
to give an outlet to the water, and prevent its action upon the 
side slopes. The fascines may be covered on top with good 
nods laid with the grass side beneath, and the excavation made 
to place the drain be filled in with good earth well rammed. 
Drains formed of broken stone, covered in like manner on top 
with a layer of sod to prevent the drain from becoming choked 
with earth, may be used under the same circumstances as fascine 
drains. Where the sources are not isolated, and the whole mass 
of the soil forming the side slopes appears saturated, the drainage 
may be effected by excavating trenches a few feet wide at inter- 
vals to the depth of some feet into the side slopes, asd filling 
them with broken stone, or else a general drain of broken stone 
may be made throughout the whole extent of the side slope by 
excavating into it. When this is deemed necessary, it will be 
well to arrange the drain like an inclined retaininc-wall, with 
buttresses at intervals projecting into the earth farther than the 
general mass of the drain. The. front face of the drain should, in 
this case, also be covered with a layer of sods with the grass side 
beneath, and upon this a layer of good earth should be compactly 
laid to form the face of the side slopes. The drain need only be 
carried high enough above the foot of the side slope to tap all the 
sources ； and it should be sunk sufficiently below the roadway- 
surface to give it a secure footing. 

The drainage has been effected, in some cases, by sinking 
wells or shafts at some distance behind the side slopes, from the 
top surface to the level of the bottom of the excavation, and lead- 
ing the water which collects in them by pipes into drains at the 
foot of the side slopes. In others a narrow trench has been ex- 
cavated, parallel to the axis of the road, from the top surface to 
a sufficient depth to tap all the sources which flow towards the 
side slope, and a drain formed either by filling the trench wholly 
with broken stone, or else by arranging an cpen conduit at the 
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bottom to receive the water collected, over which a layer of 
biushwood is laid, the remainder of the trench being filled wiib 
broken stone. 

In some recent instances in England, the side slopes of very 
bad soils have been secured by a facing of brick arranged in a 
maimer very similar to the method resorted to for securing the 
perpendicular sides of narrow deep trenches by a timber-facing. 
The plan pursued is to place, at intervals along the excavation, 
strong buttresses of brick on each side, opposite to each other, 
and to connect them at bottom by a reversed arch. Between 
these buttresses are placed, at suitable heights, one or more brick 
beams, formed at bottom with a flat segment arch, and at top 
with a like inverted arch. The buttresses, secured in this way, 
serve as piers for vertical cylindrical arches, which form the 
facing and support the pressure of the earth between the but- 
tresses. 

649. In forming the embankments, (Fig. 151,) the side slopes 




should be made with a less inclination than that which the earth 
naturally assumes ; for the purpose of giving them greater dura- 
bility, and to prevent the width of the top surface, along which 
the roadway is made, from diminishing by every change in the 
side- slopes, as it would were they made with the natural slope 
To protect the side slopes more effectually, ihey should be sod 
ded, or sown in grass seed ； and the surface-water of the top 
should not be allowed to run down them, as it would soon wasn 
them into gullies, and destroy the embankment. In localities 
where stone is plenty, a sustaining wall of dry stone may be ad - 
vaiitageously substituted for the side slopes. 

To prevent, as far as possible, the settling which takes place 
in embankments, they snould be formed with great care ； the 
earth being laid in successive layers of about four feet in thick- 
ness, and each layer well settled with rammers. As this method 
is very expensive, it is seldom resorted to except in works which 
require great care, and are of trifling extent. For extensive 
works, the method usually followed on account of economy, is 
to embank out from one end, carrying forward the work on a 
level with the lop surface. In this case, as there must be a want 
of compactness in the mass, it would be best to form the outside, 
of the embankment first, and to gradually fill in towards the cen- 
tre, in order that the earth may arrange itself in layers with a dip 
firom the sides inwards : this will in a great measure counteract 



M laid in mortar, (Fig. 168,) and l^dnnlic mortar m tbe oaly 
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Kind which will form a safe construction. The wall which sup 
plies the slope of the excavation should be carried up as high aa 
the natural surface of the groiind ； the one that su&tains the em- 
bankment should be built up tOr^be surface of the roadway ； and 
a parapet-wall should be raised upon it, to secure vehicles from 
accidents in deviating from the line of the roadway. 

A road may be constructed partly in excavation and partly in 
embankment along a rocky ledge, by blasting the rock, when the 
inclination of the natural surface is not greater than one perpen- 
dicular to two base ； but with a greater inclination than tnis, the 
whole should be in excavation. 

651. There are examples of road constructions, ii localities 
like the last, supported on a frame-work, consisting of horizontal 
pieces, which are firmly fixed at one end by being let into holes 
drilled in the rock, and are sustained at the other by an inclined 
strut underneath, which rests against the rock in a shoulder 
formed to receive it. 

652. When the excavations do not furnish sufficient earth for 
the embankments, it is obtained from' excavations, termed side* 
cuttings, made some place in the vicinity of the embankment, 
from which the earth can be obtaiifed with the most economy. 

If the excavations furnish more earth than is required for the 
embankment, it is deposited in what is termed spoil-bank, on the 
aide of the excavation. The spoil-bank should be made at some 
、！ istance back from the side slope of the excavation, and on the 
iown-hill side of the top surface ； and suitable drains should br 
arranged to cany off any water that might collect near it and af 
feet the side slope of the excavation. 

The forms to be given to side-cuttings and spoil-banks wiU 
depend, in a great deffree, upon the locality : they should, as fax 
as practicable, be such that the cost of removal of the earth shaT 
oe east possible 

653. Drainage. A system of thorough drainage, by whicn' 
.ne water that filters through the ground will be cujt off irom the 
•oil beneath the roadway, to a depth of at least three feet below 
he bottom of the road-covering, and by which that which falls 
upon the surface will be speedily conveyed off, before it can filter 
through the road-covering, is essential to the good condition of a 
road. 

The surface-water is conveyed off by giving the surface of the 
roadway a slight transverse convexity, from the middle to the 
•ides, where the water is received into the gutters, or side chart- 
nelSf from which it is conveyed by underground aqueducts, termed 
culverts, built of stone or brick and usually arched at top, into 
he mam drains that cotnmunicatc with the natural water-courses. 
This convexity is regulated by making the figure of the profile 
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an ellipse, of wfaidi the semi-tranaverse axis is 15 feet, and the 
semi conjugate axis 9 inches ； thus placing the middle of the 
roadway nine inches above the bottom of the side channels. This 
convexity, which is as great as should be given, will not be suffi 
cient in a flat country to keep the road-sunace dry ； and in such 
localities, if a slight longitudinal slope cannot be given to the 
road, it ahoufd be raised, when practicable, three 'Ot four feet 
ftbove the general level ； both 6a account of conveying off speedily 
the surface-water, and exposing the surface better to the action 
of the wind. 

To drain the soil beneath the roadway in a level country, 
ditches, termed open side drains, (Fig. 154,) are made parallel 




Fig. 154~CroH MctioB of broken etone md-iwreriiic. 

A, road-surface. 

B, aide channels. 

C, footpath. 

D, covered draSiM, or cahrerts, leading ftom side cfaaiinelf to the tide dreios K, 



to the road, and at some feet from it on each side. The bottom 
of the side drains should be at least three feet below the road- 
covering ； their size will depend on the nature of the soil to be 
drained. In a cultivated country the side drains should be on the 
field side of the fences. ' 

As open drains would be soon filled along the parts of a road 
in excavatioa, by the washings from the side slopes^ coveted 
drains, built either of brick or stone, must be suDstituted far 
ihem. These drains (Fig. 155) consist simply of a flooring of 



Fig. 155— C3ro« MctLon of aoovmd dnm. 
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b, top Btonei. 
e, bottom 0Umm 
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dagging stone, or of bricK, with two side walls of nibble, or brick 
masonry, which support a top covering of flat stones, or of brid(, 
with open joints, of about half an inch, to give a free passage 
way to the water into the drain. The top is covered with a layer 
of iftraw or brushwood ； and clean gravel, or broken stone, in 
•mall fragments, is laid over this, for the purpose of aIlowii^( di« 
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water to filter freely through to the drain, without cairying with h 
any earth or sediment, which might in time accumulate and choke 
it. The width and height of coTered will depend on the 

materials of which they are , built, and the quantity of water to 
which they yield a passage. ' 

Besides the longitudinal covered dhuns in cuttings^ other drains 
are made under the roadway which, from their form, are termed 
cross mitre drains. Their plan is in shape like the letter V, the 
angular point being at the centre of the road, and pointing in the 
direction of its ascent. The angle should be so regulated that 
the bottom of the drain shall n6t have a greater slope along either 
of Its branches, than one perpendicular to one hundred base, to pre- 
serve \h^^m6i»onry from damage by the. cuiront The construc- 
tion of initre drains is the same as the covered longitudinal drains. 
They should be placed at intervals of about 60 yards from each 
other 

In vome cases surface drains, termed catch-water drains, are 
made on the side slopes of cuttings. They are run up obliquely 
ilong the surface, and empty directly into the cross drains which 
convey the water into the natural water-courses. 

vVhen the roadway is in side-forming, cross drains of the or- 
dinary fohD of culverts are made, to convey the water from the 
side channels and the covered drains into the natural water- 
courses. They should be of sufficient dimensions to convey off 
a large volume oi water, and to admit a man to pass through 
them so that they may be readily cleared out, or even repaired, 
without breaking up the roadway over them. 

The only drains required for embankments are the OTdinaiy 
side channels of the roadway, with occasional culverts, to convey 
the water from tbem into the natural water-courses. Great care 
should be taken to prevent the surface - water from running dowu 
the side slopes, as iney would soon be washed into gullies by it. 

Very wet and marshy soils require to be tborouffhly drained 
before the roadway can be made with safety. The best system 
that can be followed in such cases, is to cut a wide and deep open 
main-drain on each side of the road, to convey the water to the 
natural water-courses. Covered cross drains should be made at 
frequent intervals, to drain the soil under the roadway. They 
should be sunk &s low as will admit of the water running from 
them into the main drains, by giving a slight slope to the bottbin 
each way from the centre of the road to facilitate ite flow 

Independently of the drainage for marshy soils, they will re- 
quire, when the subsoil is of a spongy, elastic nature, an artificial 
bed for the road-coTrring. .This bed may, in some cases, be 
fonned by simply removing the upper stratum to a depth of wt- 
eim feet, and supplying its place with well-packed gravel, or aiqr ： 
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soil of a firm character. In. other cases, when the subsoil yieldt 
readily to the ordinary pressure that the road-surface must bear, 
a bed of brushwood, from 9 to 18 inches in thickness, must be 
formed to receive the soil on which the road-covering is to rest 
The brushwood should be carefully selected from the long straight 
slender shoots of the branches or undergrowth, and be. tied up io 
bundles, termed fascines, from 9 to 12 inches in diameter, and 
from 10 to 20 feet long. The fascines are laid in alternate layers 
crosswise and lengthwise, and the kyers are either connected by 
pickets, or else the withes, with which the fascines are bouna, 
are cut to allow the brushwood to form a unifoltn and compact 
bed. ！ 

This method of securing a good bed for stnfbtures on a weak 
wet soil has been long practised in Holland, and experience has 
fully tested its excellence. 

654. Road'Coverings. The object of a road-covering being 
to diminish the resistances arising from collision and niction, 
and thereby to reduce the force of traction lo the least prac- 
ticable amount, it should be composed of hard and durable ma- 
terials, laid on a firm foundation, and present a uniform even 
surface. * 

The material in ordinary use for road-coverings is stone, eithei 
in the shape of blocks of a regular form, or of large round peb- 
bles, termed a pavement ； or broken into small angular masses ； 
or in the form of gravel. 

655. Pavements, The pavements in, most general use in our 
country are constructed of rounded pebbles, known as paving 
stones, varying from 3 to 8 inches in diameter, which are set ia a 
form, or bed of clean sand or gravel, a foot or two in thickness, 
which is laid upon the natural soil excavated to receive the form. 
The largest stones are placed in the centre of the roadway. The 
stones are carefully set in the form, in close contact with each 
other, and are then firmly settled by a heavy rammer until their 
tops are even with the general surface of the roadway, which 
should be of a slightly convex shape, having a slope of about xi_ 
from the centre eacii way to the sides. After the stones 'are' 
driven, the road-surface is covered with a layer of clean sand, or 
fine gravel, two or three inches in thickness, which is gradually 
worked in between the stones by the combined action of the 
travel over the pavement and of the weather 

The defects ofjpebble pavements are obvious, and confirmed 
by experience. The form of sand or gravel, as usually made, is 
not sufficiently firm ； it should be made in separate layers of 
about 4 inches, each layer being moistened and well settled either 
by ramming, or passing a heavy roller over it. Upon the fonn 
prepared in this way a layer of loose material of two or tbret 
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Aches in thickness may be placed, to receive the ends of the 
paving stones. From the form of the pebbles, the resistance to 
tiBCtion arising from collision and friction is very great. 

Pavements termed stone tranways have been tried in some cf 
the cities of Europe, both for light and heavy traffic. They are 
formed by laying two lines of long stone blocks for the wheels to 
run on, with a pavement of pebble for the horse-track between 
the wheel-tracks. In crowded thoroughfares tramways offer bul 
few if any advantages, as it is impracticable to confine the vehicles 
to them, and when exposed to heavy traffic they wear into ruts. 
The stone blocks should be carefullylaid on a very firm bottoming, 
and particular awntion is requisite to prevent ruts from forming 
between the blocks and the pebble pavement. 

Stone suitable for pavements should be hard and tough, and 
not wear smooth under the action to which it is exposed. Some 
varieties of granite have been found in England to furnish the 
best paving blocks. In France, a very fine-grained compact gray 
sandstone of a bluish cast is mostly in use for the same purpose, 
but it wears quite smooth. 

The sand used for forms should be clean and free from peb- 
bles and 'gravel of a larger grain tiian about two tenths of an inch. 
The form should be made by moistening the sand, and com- 
pressing it in layers of about four inches in thickness, either by 
ramming, or by passing over each layer several times a heavy 
iron roller. Upon the top layer about an inch of loose sand may 
be spread to receive the. blocks ； the Joints between which, after 
they are placed, should be carefully mled with sand. 

The sand form, when carefully made, presents a very firm and 
stable foundation for the pavement. 

Wooden ^vements, lonned of blocks of wood of various 
shapes, have been tried in England and several of our cities 
within the last few years, but are now for the most part aban- 
doned, as the material has been found to decay very rapidly, 
even when prepared with some of the preservatives of timber 
against the rot. 

Asphaltic pavements have undergone a like trial, and have also 
been found to fail after a few years service. This materia] is 
farther objectionable as a pavement in cities where the pave- 
ments and sidewalks have frequently to be disturbed for the 
purposes of repairing, or laying down sewers, water-pipes, and 
other necessary conveniences for a city. 

The best system of pavement is that which has been partially 
put in practice in some of the commercial cities of England, the 
»dea ot which seems to have been taken from the excellent mili 
laxy roads of the Romans, yestiges cf which remain at the pieieiil 
dby in a good state. 
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In constructing this paTement, a bed (Fig. 156) is first pre 
pared, by removing the surface of the soil to the depth of a foo 
or more, to obtain a firm stratum ； the surface of this bed re 
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Fig. ia«— Paved raad-covering. 

A, pavement 

C, ciirb-Btone. 

Bt flagging of aide-walk. 

ceives a Tery slight convexity, of about two inches to ten feet, 
from the centre to the sides of the roadway. If the soil is of a 
soft clayey nature, into which small fragments of broken stona 
would be easily worked by the wheels of vehicles, it should be 
excavated a foot or two deeper to receive a forni of sand, or of 
clean fine gravel. On the surface of the bed thus prepared, a 
layer of small broken stone, four inches thick, is laid ； the di- 
mensions of these fragments should not be greater than two and 
a half inches in any direction ； the road is then opened to vehicles 
until this first layer becomes perfectly compact ； care being taken 
10 fill up any ruts with fresh stone, in order to obtain a uniform 
surface. A second layer of stone, of the same thickness as the 
first, is then laid on, and treated in the same manner ；. and finally 
a third layer. When the third layer has become perfectly com- 
pact, and is of a uniform surface, a layer of fine clean grarely 
two and a half inches thick, is spread evenly over it to receive 
the pavinff stones. The blocks of stone are of a square shape, 
and of different sizes, according to the nature of the trayelliDg 
over the pavement. The largest size are ten inches thick, nine 
inches broad, and twelve inches long ； the snudleBt are six inches 
thick, five inches Imad, iind ten inches Ions. Each block is 
carefully settled in the form, by means of a heavy beetle ； it is 
then removed in order to cover the side of the ooe againat which 
it is to rest with hydraulic mortar ； this being done, the block i， 
replaced, and properly adjusted. The blocks of the differait 
courses across the roadway should break joints. The surface of 
the road is convex ； the conyezity being determined by making 
the outer edges six inches lower than the middle, for a width ca 
thirty feet. 

Tnis system of pavement fulfils in the best manner all the re- 
quisites of a good road-coYering, presenting a hard even surface 
to the action of the wheels, and reposing on a firm bed formed 
by the broken-stone bottoming. The inortar-jointo, so long u 
they remain tight, will effectually prevent the penetration of watei 
boneatfa the pavement ； but it is probable, fiom the effect of tht 
tuniit of heavily-laden vehicles, and fix>m the ezpanaion vd 
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conlnuslioii of the stone, which in our climate is found to be leiy 
connderablei that the mortar would soon be crushed and washed 
out. 

In France, and in many of the large cities of the continent, the 
pavements are made with blocks of rough stone of a cubical foriri 
measuring between eight and nine inches along the edse of the 
cube. These are laid on a form of sand of only a few inches thick 
when the soil beneath is firm ； but in bad sous the thickness is 
increased to from six to twelve inches. The transversal joints 
are usually continuous, and those in the direction of the axis of 
the road break joints. In some cases the blocks are so laid that 
the joints make an angle of 45® with the axis of the roadway, one 
set being continuous, the other breaking joints with them. By 
this arrangement of the joints, it is said that the wear upon the 
edges of the blocks, by which the upper surface soon assumes a 
convex shape, is diminished. It has been ascertained by expe- 
rience, that the wear upon the edges of the blocks is greatest at 
the joints which run transversely to the axis when the blocks are 
laid in the usual manner. From the experiments of M. Morin, to 
ascertain the influence of the shape of stone blocks on the force 
of traction, it was found that the resistance offered by a pavement 
of blocks averaging from five to six inches in breadth, measured 
in the direction of the axis of the roadway, and about nine inches 
in length, was less than in one of cubical blocks of the ordinary 
size. 

Pavements in cities must be accompanied by sidewalks, and 
crossing-places, for foot-passengers. The sidewalks are made 
of large flat flagging-stone, at least two inches thick, laid on a 
form of clean gravel well rammed and settled. The width of 
the sidewalks will depend on the street being more or less fre 
quented by a crowd. It would, in all cases, be well to have them 
at least twelve feet wide ； they receive a slope, or pitch, of one 
inch to ten feet, towards the pavement, to convey the surface- 
water to the side channels. The pavement is separated from the 
sidewalk by a row of lonff slabs set on their ed^es, termed curb* 
stones, which confine both the flagging and paving stones. The 
curb-stones form the sides of the side channels, and should for 
this purpose project six inches above the outside paving stones, 
and be sunk at least four inches below their top Burface ； they 
should, moreover, be flush with the upper surface of the side' 
walks, to allow the water to run over into the side channels, and 
to prevent accidents which might otherwise happen from their 
Uipning persons passing in haste. 

The crossinffs should be i^om four to six feet wide, and b6 
■lightly raised above the general surface of the pavement, to keep 
tban free from mud. 
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656. Broken-stone roacUcovering. The ordinary road«GOTev 
ing for common roads, in use in this country ancl Europe, i« 
formed of a coating of stone broken into small fragments, wbici* 
is laid either upon the natural soil, or upon a paved bottoming 
of small irregular blocks of stone. In England these two systems 
have their respective partisans ； the one claiming the superiority 
for road-covenngs of stone broken into small fragments, a method 
brought into vogue some years since by Mr. McAdam, from whom 
these roads have been termed macadamized ； the other being the 
plan pursued by Mr. Telford in the great national roads con- 
structed in Great Britain within about the same period. 

The subject of road-making has wilhin the last few years ex- 
cited renewed interest and discussion among engineers in France ； 
the conclusion, drawn from experience, there generally adopted 
is, that a covering alone of stone broken into small fraginonts is 
sufficient under the heaviest traffic and most frequented roads: 
Some of the French engineers recommend, in very yielding 
clayey soils, that either a paved bottoming after Telford's method 
be resorted to, or that the soil be well compressed at the surface 
before placing the road-covering. 

The paved bottom road-covering on Telford's plan (Fig. 155) 
18 formed by excavating the surface of the ground to a suitable 
depth, and preparing the form for the pavement with the precau- 
tions as for a common pavement. Blocks of stone of an irregu- 
lar pyramidal shape are selected for the pavement, which, vfor a 
roaaway 30 feel in width, should be seven inches thick for the 
centre of the road, and three inches thick at the sides. The base 
of each block should not measure more than five inches, and the 
top not less than four inches. 

The blocks are set by the hand, with great care, as closely in 
contact at their bases as practicable ； and blocks of a suitable 
size are selected to give the surface of the pavement a slightly 
convex shape from the centre outwards. The spaces between 
the blocks are filled with chippings of stone compactly set with 
a small hammer. [ 

A layer of broken stone, four inches thi^k, is laid over this 
pavement, for a width of nine feet on each side of the centre ； no 
fragment of this layer should measure over two and a half inches 
in any direction. A layer of broken stone of smaller dimensions, 
or of clean coarse gravel, is spread over the wings to the 8ame 
depth as the centre layer. 

The road-covering, thus prepared, is thrown open to yehiclcj 
until the upper layer has become perfectly compact ； care having 
been taken to fill in the ruts with fresh stone, in order to obtaii 
a uniform surface. A second layer, about two inches ia depth 
!• then laid over the centre of the roadway ； and the wings c« 
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ceiYe also a layer of new material laid on to a sufficient thicknesi 
to make the outside of the roadway nine inches lower than the 
centre, by giving a slight convexity to the surface from the centre 
outwaids. A coating of clean coarse gravel, one inch and a half 
thick, termed a binding, is spread over the surface, and the road* 
covering is then ready to be thrown open to travelling. 

The stone used for the pavement may be of an inferior quality, 
inliardness and strength, to that placed at the surface, as it is but 
little exposed to the wear and tear occasioned by travelling. The 
surface-stone should be of the hardest kind that can be procured 
The gravel binding is laid over the surface to facilitate the trav- 
elling, whilst the under stratum of stone is still loose ； it is, how* 
ever, hurtful, as, by working in between the broken stones, it 
prevents them from setting as compactly as they would otherwise 

If the roadway cannot be paved the entire width, it should, 
at least, receive a pavement for the width of nine feet on each 
side of the centre. The wings, in this case, may be formed 
entirely of clean travel, or of chippings of stone. 

For roads which are not much travelled, like the ordinary cross 
roads of the country, the pavement will not demand so much 
care ； but may be made of any stone at hand, broken into frag- 
ments of such dimensions that no stone shall weigh over four 
pounds. The surface-coating may be formed in the manner just 
described. 

657. In forming a road-covering of broken stone alone, the 
bed for the covering is arranged in the same manner as for the 
paved bottoming : a layer of the stone, four inches in thickness, 
18 carefully spread over the bed, and the road is thrown open to 
vehicles, care being taken to fill the ruts, and preserve the sur- 
face in a uniform state until the layer has become compact ； 
successive layers are laid on and treated in the same manner as 
the first, until the covering has received a thickness of about 
twelve inches in the centre, with the ordinary convexity at the 
surface. 

658. Where good gravel can be procured the road-coyerinff 
may be made or this material, which should be well screened, 
and all pebbles found in it over two and a half inches in diame- 
ter should be broken into fragments of not greater dimensions 
than these. A firm level form having been prepared, a layer of 
pravel, four inches in thickness, is laid on, and, when this has 
become compact from the travel, successive layers of about three 
inches in thickness are laid on and treated like the first, until the 
coyeiing haa received a thickness of sixteen inches in the centre 
and the ordinary convexity. 

669. As has been already stated, the French civil eogineen 
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do not regard a paved bottoming as essenLal for broken-stone 
toad-coverings, except in cases of a very heavy traffic, or where 
the substratum of the road is of a very yielding character. 
They also give less thickness to the road-covering than the 
rnglish engineers of Telford's school deem necessary ； allowing 
not more than six to eight inches to road-coverings for light 
traffic, and about ten inches only for the heaviest traffic. 

660. If the soil upon which the road-covering is to be placed 
is not dry and firm, they compress it by rolling, which is done 
by passing over it several times an iron cylinder, about six feet 
in diameter, and four feet in length, the weight of which can be 
increased, by additional weights, from six thousand to about 
twenty thousand pounds. The road material is placed upon the 
bed, when well compressed and levelled, in layers of about four 
inches, each layer oeing compressed by passing the cylinder 
several times over it before a new one is laid on. If the opera- 
tion of rolling is performed in dry weather, the layer of stone is 
watered, and some add a thin layer of clean sand, from four to 
eight tenths of an inch in thickness, over each layer before it is 
rolled, for the purpose of consolidating the surface of the layer, 
by filling the voids between the broken-stone fragments. After 
the sumce has been well consolidated by rolling, the road is 
thrown open for travel, and all ruts and other displacement of 
the stone on the surface are carefully repaired, by adding fresh 
material, and levelling the ridges by ramming. 

Great importance is attached by the French engineers to the 
use of the iron cylinder for compressing the materials of a new 
road, and to minute attention to daily repairs. It is stated that 
by the use of the cylinder the road is presented at once m a 
good travelling condition ； the wear of the materials is less than 
by the old method of gradually consolidating them by the travel; 
the cost of repairs during the first years is diminished ； it gives 
to the road-covering a more uniform thickness, and admits of its 
being thiimer than in the usual method. 

661. Materials and Repairs, The materials for broken-stone 
roads should be hard und durable. For the bottom layer a soft 
stone, or a mixture of hard and soft may be used, but on the 
surface none but the hardest stone will withstand the action of 
the wheels. The stone should be carefully broken into frag- 
ments of nearly as cubical a form as practicable, and be cleansed 
from dirt and of all very small fragments. The broken stone 
should be kept in depots at convenient points along the line of 
the road for repairs. * 



road-surface free from an accumulation of mud and even of dusL 
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wpain should be daily made by adding fresh material u{«in aL 
points where hollows or ruts commence to form. It is nscom** 
mended by «ome that when fresh material is idded, the surface 
on which k is spread should be broken with a pick to the depth 
of half an inch to as inch, and the fresh material be well settled 
by ramming, a small quaotitv of clean sand being added to make 
the stone pack better. When not daily rejpaired by persona 
whose Bole business it is to loep the h>aa in good order, general 
repairs should be made in the months of October and April, 
by removing all accumulations of mud, cleaning out the side 
channels and other diains, and adding fresh material where re* 
quisite. 

The importance of keeping the road-surface at all times free 
from an accumulation of mud and dust, and of preseiring the 
8ur£ace in a unifomi state of evenness, by the daily addition of 
fresh material wherever the wear is sufficient to call for it, can- 
not be too strongly insisted upon. Without this constant super- 
vision, the best constructed road will, in a short time, be unfit 
for travel, and with it the weakest may at all times be kept in a 
tolerably fair state 

662. Cross dimensions of roads. A road thirty feet in width 
IS amply sufficient for the carriage-way of the most frequented 
thoroughfares between cities. A width of forty, or even sixty 
feet, may be ^yen near cities, where the greater part of the 
transportation is effected by land. For cross roads, and others 
of minor importance, the width may be reduced according to the 
nature of the case. • The width should be at least sufficient to 
allow two of the ordinary carriages of the country to pass each 
other with safety. In all cases, it should be borne in mind, that 
any unnecessary width increases both the first cost of construc- 
tion, and the expense of annual repairs. 

Very wide roads have, in some cases, been used, the centre 
part only receiving a road-covering, and the wings, termed swm- 
mer roaasy being formed on the natural surface of the subsoil. 
The object of this system is to relieve the road-covering from 
the wear and tear occasioned by the lighter kind of vebicTes du- 
ring the summer, as the wings present a more pleasant surface 
for travelling in that season. But little is gained by this system 
under this point of view ； and it has the inconvenience of form- 
ing during the winter a large quantity of mud which is very in* 
jurious to the road-covering. 

There should be at least one foot-ixithy from five to six feet 
wide, and not more than nine inches higher than the bottom of 
Jie side channels. The 8ut&c« of the foot-path should have • 
ptch of two inches, towaHs the side channels, to convey iff 
nndbce water into theoL When the natural scil is firm and 
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sandy, or grarelly, its surface will serve for the foot-path ； bill 
in other cases the natural soil must be thrown out to a depth of 
six inches, and the excavatiQn be filled with fine clean flTavel. 

To prevent the foot-path from being damaged by tnB current 
of water in the side channels, its side slope, next to the side 
channel, must be protected by a- facing of good sods, or of dry 
stone. 

As it is of the first importance, in keeping the road-wajr in a 
cood travelling state, that its surface should be kept dry, it will 
oe necessary to remove from it, as far as practicable, ail objects 
that might obstruct the action of the wind and the sun on its 
surface. Fences and hedges along the road should not be highei 
than five feet ； and no trees should be suffered to stand on the 
load-side of the side drains, for independently of shading the 
road-way, their roots would in time throw up the road-coT 
ering. 



See KoU B" Appendix. 
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663. Thb great resistance offered to ihe force of traction on 
common roads, where the traffic is of a heavy character, natu 
rally suggested the idea of trying other means, which would 
afford a more even and durable track for the wheels than tlia 
road-coverings in ordinary use. Various methods have been re- 
sorted to, with greater or less success, to accomplish this object : 
in some instances tracks have been formed of long narrow stone 
blocks ； in others, heavy beams of timber, covered on the sur- 
face with sheet iron to protect them from wear, have been used ； 
and finally, both the stone and wooden ways were replaced by 
iron plates and bars, and that system of road-covering, now so 
well known as the railway, or railroad, has been the result. 

For these successive stages of improvement, by which, in the 
short period of less than a quarter oi a century, so great a revo- 
lution has been made both in the speed and the amount of trans- 
portation on land, by means which bid fair to supersede every 
other, the civilized world is indebted to England, in whose mi- 
ning districts the railway system first sprung up. 

664. A railway, or railroad, is a track for the wheels of ve- 
hicles to run on, which is formed of iron bars placed in two 
parallel lines and resting on firm supports. 

665. Rails. The iron ways first laid down, and termed tram* 
ways, were made of narrow iron plates, cast in short lengths, 
with an upright fianch on the exterior to confine the wheel within 
the track. The plates were found to be deficient in strength, 
and were replaced by others to which a. vertical rib was added 
under the plate. This rib was of uniform breadth, and of the 
shape of a semi-ellipse in elevation. This form of tramway, 
although superior in strength to the first, was still found not to 
work well, as the mud which accumulated between the flanch 
and the surface of the plate presented a considerable resistance 
to the force of traction. To obviate this defect, iron bars of a 
•emi-elliptical shape in elevation, which received the name of 

Fiff. 157— R«pre«ente a cross section a. of the fish-bel- 
ued rail of the Liverpool and Manchester Railwii/, 
ami the method in which it \» secured to its chair 
Tlie rail is formed with a slight projection at bot 
torn, which fits into a oorresponcfing notch in the 
Bide of the chair 6. An iron wedfe c » iiMnitecl 
into a notch on the opposite side of the chair, and 
confines the rail in its place. 




tdge rails, were substituted for the plates of the tramway. 1 ho 
crosb sections of these rails were of the form shown in Fig. 157| 
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the top surface being slightly convex, and sufficiently brood tc 
preserve the tire of the wheel from wearing unevenly. Thia 
change in the form of the rail introduced a corresponding one ir: 
the tires of the wheels, which were made with a flanch on tht 
interior to confine them withii the rails of the track. 

The cast-iron edge-rail was found upon trial to be subject to 
fnany defects, arising from the nature of the material. As it 
was necessary to cast the rails in short lengths of three or four 
feet, the track presented a number of joints, which rendered it 
extremely difficult to preserve a uniform surface. The rails 
were found to break readily, and the surface upon which the 
wheels ran wore unevenly. These imperfections finally led to 
the substitution of wrought-iron for cast-iron. 

666. The wrought-iron rails first brought into use received 
nearly the same shape in cross section and elevation as the cast 
iron rail. They were formed by rolling them out m a rolling- 
mill so arranged as to give the rail its proper shape. The length 
of the rail was usually fifteen feet, tne bottom of it (Fig. 158) 



FifT. 158— Represents a side eleratioQ of a por* 
tion of a fiflh*beUied niL 



E resenting an undulating outline so disposed as to give the rail a 
earing point on supports placed three feet apart between their 
centres. This form, known as the fish-belly rail, was adopted 
as presenting the greatest strength for the same amount of metal. 
It has been found on trial to be liable to some inconveniences. 
The rails break at about nine inches from the supports, or one 
fourth of the distance between the bearing points, and from the 
curved form of the bottom of the rail they do not admit of being 
supported throughout their length. 

667. The form of rail at present in most general use is 
known by the name of the parallel^ or straight rail, the top and 
bottom of the rail being parallel ； or as the T, or H rail, from the 
form of the cross section. 

A variety of forms of cross section axe to be met with in the 
parallel rail. The more usual form is that (Fig. 159) in which 




Fif • 159— Reprannto a exam aao- 
tion a of a panllel rail of the 
form genenJfy adopted in the U. 




The 
air h by 
h ndft 

oom; 




(he top is shaped like the same part in the fish-belly rail, the 
bottom being widened out to give the rail a more stable seat on 
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itt mipporto. In some cases the top and bottom are made alike 

10 admit of turning the rail. The greatest deviation from the 
usual form is in the rail of the Great Western Railway in Eng 
land, (Fig. 160,) 

ints « cms aeetien of the rail of 
Railway in England. Thii rail k 
t nippori) mad w Mened toil by m 
on each dde of the ml. A piece of tarred felt 
Imerted between the base of the rail and its suppc 

The dimensions of the cross section of a rail should be such 
tbat the deflection in the centre between any two points of sup- 
port, caused by the heaviest loadd upon the track, should not oe 
80 great as to cause any very appreciable increase of resistance 
to the force of traction. The greatest deflection, as laid down 
by some writers, should not exceed tliree hundredths of an inch, 
for the usual bearing of three feet between the points of sup- . 

tort. The top of the rail is usually about two and a half inches, 
road, and an inch in depth. This has been found to present a 
good bearing surface for the wheels, and sufficient strength to 

Prevent the top from bein^ crushed by the weight upon the lail. 
、he breadth of the rib varies between three fourths of an inch to 
an inch ； and the total, depth of the rail from three to five inches. 
The thickness and breaath of the bottom have been varied ac- 
cording to the strength and stability demanded by the traffic. 

668. Supports. The rails are laid upon supports of timber, 
or stone. The supports should present a firm unyielding bed to 
the rails, so as to prevent all displacement^ either in a lateral or 
a vertical direction, from the pressure thrown upon them. 

Considerable diversity is to be met with in the practice of 
engineers on this poinl. On the earlier roads, heavy stone 
blocks were mostly used for supports, but these were found to 
require great precautions to render them firm, and they were, 
moreover, liable to split from the means taken to coniiQe the 
rails to them. Timber has, ，ithin late years, been generally 
preferred to stone. It affoids a more agreeable road for travel 
and cives a belter lateral support to the rails than stone blocks. 

The usual method of placing timber supports is transversely 
to the track. Each support, termed & sleeper, or cross-tie, bemg 
formed of a piece of timDer six or eight inches square. The or- 
dinary distance between the centre lines of the supports, is three 
feet for rails of the usual dimensions. Wilh'a greater bearing, 
rails of the ordinary dimensions do not present sufficient stiffness. 
The sleepers, when formed of round timber, should be squared 

011 the upper and lower surface. On some of the recent rauwaya 
in England, sleepers presenting in cross section a right-angled 
triarigle have been used, the right angle being at the bottom. 
They 寒 re repreaented to be more convenient in setting, and tc 
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offer a more stable support than those of the usual fcrm. The 
sleepers are placed either upon the ballasting of the roadway, 
upon longitudinal beams laid beneath them along the line oi the 
rails. The latter is now the more usual practice with us, and u 
indispensable upon new embankments to prevent the ends of 
the sleepers from settling unequally. Thick plank, about eight 
inches broad and three or four inches thick, is usually employed 
for the longitudinal supports of the sleepers* 

On Some of the more recent railways in England, the rails 
have been laid upon longitudinal beams, presenting a continuous 
support to the rail, tlie beams resting upon cross-ties. 

669. Chairs, The rails are firmly fastened to their supports by 
cast-iron chairs, (Figs. 157, 159,) wrought-iron spikes, or screws. 
The chair is cast in one piece, and consists of a bottom-plate, upon 
which the rail rests, ana two side pieces between which the rail is 
confined by wedges of iron, or of wood. The chairs are fastened 
to the supports hy iron bolts, or wooden pins. A variety of 
forms have been given to the chairs, and different methods adopt* 
ed for confining the rail firmly within them. Iron wedges having 
been found to work loose, wooden wedges, or keys, have been 
substituted for them. They are made of kiln-dried timber, and 
are forced through cutters, by which they receive the proper 
shape, and are at the same time strongly compressed. The key, 
prepared in this manner, gradually swells by imbibing moisture 
after being inserted, and forms a very strong fastening. Chairs 
are generally placed upon each support. In some cases they 
are only placed at the points of junction of the rails ； iron spikes 
with a Dent head being driven into the supports, to confine tfao 
rails at the intermediate points between the cnairs. 

A joint of sufficient width is left between the ends of the rails, 
to allow for the expansion of the bars. Various methods of 
forming this joint have been tried ； the more usual forms are the, 
square joint, and the oblique joint. • 

670. Ballast, A covering of broken stone, of clean coarse 
cravel, or of any other material that will allow the water to 
drain off freely, is laid upon the natural surface of the excavations 
and embankments, to form a firm foundation for the supports. 
This has received the appellation of the ballast. Its thickness 
is from nine to eighteen inches. Open or broken-stone drains 
should be placed beneath the ballasting to convey off the surface 
water. Tne parts of the ballasting upon which the supports 
rest should be well rammed, or rolled ； and it should be weL 

|)acked beneath and around the supports. After the rails artt 
aid, another layer of broken stone or gravel should be added 
the surface of which should be slightly convex and about thm 
inches below the top of the rails. 
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671. Temporary railways of wood and iron. On the first 
mtroduction of railways into the United States, the tracks yvere 
formed of flat iron bars laid upon longitudinal beams. The iron 
bars were about two and a half inches in breadth, and from one 
half to three fourths of an inch in thickness, the top surface 
being slightly convex. They were placed on the lonffitudina. 
beams, a little back from the inner edge, the side of Uie beam 
near the top being bevelled off, and were fastened to the beam 
by screws or spikes, which passed through elliptical holes with 
a countersink to receive the heads of the spikes ； the holes re- 
ceiving this shape to allow of the contraction and expansion of 
the bsur, without displacing the fastenings. The longitudinal 
beams were supported by cross sleepers,, with which they were 
connected by wedges that confined the beams in notches cut 
into the sleepers to receive them. The longitudinal beams were 
usually about six inches in breadth, and nine inches in depth, 
and in as long lengths as they could be procured. The joints 
between the bais were either square or oblique, and a piece of 
iron or zinc was inserted ； nto the beams at the joint, to prevent 
the end of the rail from oeing crushed into the wood by the 
wheels. 

In some instances the bars were fastened to long stone blocks, 
but this method was soon abandoned, as the stone was rapidly 
destroyed by the action of the wheels ； besides which, the rigid 
nature of the stone rendered the travelling upon it excessively 
disagreeable. 

This system of railway, whose chief recommendation is eco- 
nomy in the first cost, has gradually given place to the solid rail. 
Besides the want of durability of the structure, it does not pos- 
sess sufficient strength for a heavy traffic. 

672. Gauge. Tne distance between the two lines of rails of 
a track, termed the gauge, which has been adopted for the great 
majority of the railways in England, and also with us, is 4 feel 

inches. This gauge appears to have been the result of 
chance, and it has* oeen followed in the great majority of cases 
up to the present time, owing to ihe inconvenience tliat would 
arise from the adoption of a different gauge upon new lines. 
The greatest deviation yet made from the established gauge is in 
that of the Great Western Railway, in which the gauge is seven 
feet. Engineers are generally agreed that a wider gauge is de- 
sirable, as with it the wheels of railway cars could be made of 
greater diameter than they now receive, and be placed outside 
of the cars instead of under them as at present ； the centre of 
gravity of the load might be placed lower, and more steadi 
nest of motion and greater security at high velocities ht at 

89 
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In a double track the distance between the two tracks is gen- 
erally the same as the gauge ； and the distance between the 
outside rail of a track, and the sides of the excavation, or ein« 
bankment, is seldom made greater than six feet, as this is deemed 
sufficient to prevent the cars from going over an embankmeiit 
were they- to run off the rails. 

673. On all straight portions of a track, the supports should 
be on a level transversely, and parallel to the plane of the track 
longitudinally. The top surface of the rail should incline in- 
ward, to conform to tne conical form of the wheels ； this is 
now usually effected by giving the chair the requisite pitch, or 
by forming the top surface with the requisite bevel for this pur- 
pose. 

674. Curves. In the curved portions of a track the centri- 
fugal force tends to force the carriage towards the outside rail 
of the curve. This action of the centrifugal force is counter- 
acted, to a certain extent, by the conical form of the wheels, 
which, by causing them to run on unequal diameters so soon as 
they enter a curve, inclines the car inwarci. Within certain 
limits of the radius of curvature, the amount of the force by 
which the car is impelled towards the centre of the curve, by 
this change in the diameter of the interior and exterior wheels, 
will be sufficient to counteract the centrifugal force which urges 
it outward. With wheels of the diameter and shape at present 
in general use, the usual gauge of track, and play between the 
flanch of each wheel and the side of the rail, the least radius of 
curvature which will prevent the flanch of the exterior wheel 
from being brought into contact with the side of the rail, is found 
to be about 600 feet. To prevent actual contact and offer per- 
fect security, the radius allowed should not be less than 1000 leet, 
when the exterior and interior rails are on the same level trans- 
versely. As on curves with a smaller radius than 1000 feet, 
the flanch of the wheel might be driven against the rail, and the 
car be forced from the track, it will be requisite to provide 
against this by raising the exterior rail higher than the' interior, 
80 that by thus placing the wheels on an inclined plane, tho 
component of gravity, opposed to the centrifugal force, added to 
the force which impels the car inward when running on wheels 
of unequal diameter, may balance the centrifugal force. From 
the above conditions of equilibrium, the elevation which the ex- 
terior rail should receive above the interior can be readify cal- 
culated. The method more usually adopted, however, is to 
neglect the effect of the conical form of the wheel, in counter- 
acting the action of the centrifugal force within certain limits, 
and to give the exterior rail an elevation sufficient to prevent the 
flanch of the wheel from being driven against the side of the rail 
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wben the car is moving at the highest supposed velocity ； or, in 
other words, to give the inclined plane across the track, on which 
the wheels rest, an inclination such that the tendency of the 
wheels to slide towards the interior rail shall alone counteract 
the centrifugal force. 

676. SitRngs, ^c. On single lines of railways short portions 
of a track, termed sidings, are placed at convenient intervals 
along the main track, to enable cars going in opposite directions 
to cross each other, one train passing into the sidihg and stop- 

1>ing while the other proceeds on the main track. On double 
ines arrangements, termed crossings, are made to enable trains 
to pass from one track into the other, as circumstances may re- 
quire. The position of sidings and their length will depend 
entirely on local circumstances, as the length of the trains, the 
number daily, Sec. 

The manner generally adopted, of connecting the main track 
with a siding, or a crossing, is very simple. It consists (Fig. 
161) in having two short lengths of tne opposite rails of the main 

Fig. 161 — Reprewnte 
the sliding switches, 
OT rails, for connect- 
ing a sidins with th« 
main track, 
a, a, rails connected 
by an iron rod by 
which they can be 
tunied around the 
joints 0， 0. 
c, c, rails of main 
track. 
d, rails of nding. 

track, where the siding or crossing joins it, moveable around one 
of their ends, so that the other can be displaced from the line of 
the main track, and be joined with that of the siding, or crossing, 
on the passage of a car out of the main track. These moyeable 
portions of rails are connected and kept parallel by a long cross 

M 
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f]§. lO^Repreeents a plan M, and aectioo N, of a fixed cmrinir plate. The plate ▲ 
■ of oaat-iron, with vertical ribs c， c， oo the boUom, to give it the reqatnle strength. 
Wrooffht-iron ban a、 a, placed in the lines of the two interaectiog nkb 〜！ wt 
Ijr icrewvd to the plate ； a taflicieat apooe being left between them and Uie niUr 
M lluMsh of the wheel to xmm. 
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bolt, to the end of which a vertical lever is attached to dra 饕 
tfaem forward, or shove them back. 

At the point where the rails of the Iwo tracks intersect, a cast 
iron plate, termed a croasing-plate (Fig. 162) is placed to con 
nect the rails. The surface of the plate is arranged either wiA 
grooves in the lines of the rails to admit the flanch of the wheel 
in passing, the tire running upon the surface of the plate; of 
wrought-iroa ban are affixed to the surface of the plate for the 
same purpose. 

The angle between the rails of the main tracks and those of a 
siding or crossing, termed the angle of deflection^ should not be 
greater than 2° or 3°. The connecting rails between the straight 
portions of the tracks should be of uie shape of an S curve, in 
order that the passage may be gradually effected. 

676. Turn-plates. Where one track intersectB another under 
a considerable angle, it will be necessary to substitute for the 
ordinary method o? connecting them, what is termed a tum^plate^ 
or turn-table. This consists of a strong circular platform of 
wood or cast-iron, moveable around its centre by means of coni- 
cal rollers beneath it running upon iron roller-ways. Two rails 
are laid upon the platform to receive the car, which is transferred 
from one track to the other by turning the platform sufficiently 
to place the rails upon it in the same line as those of the track 
to be passed into. ' 

677. Street-crossings, When a track intersects a road, or 
street, upon the same level with it, the rail must be guarded by 
cast-iron plates laid on each side of it, sufficient space being left 
between them and the rail for the play of the flanch. The top 
of the plates should be on a level with the top of the rail. 
Wherever it is practicable a drain should be placed bei^eath, to 
receive the mud and dust which, accumulating between the plates 
and rail, might interfere with the passing of the cars along the 
rails. 

678. Gradients. From various experiments upon the friction 
of cars upon railways, it appears that the angle of repose ia 
about but that in descending gradients much steeper, the 
velocity due to the accelerating force of gravity soon attains its 
greatest limit and remains constant, from the resistance caused 
bv the air. 

The limit of the velocity thus attained upon gradients of any 
degree, whether the train descends by the action of gravity alone, 
or by the combined action of the motive power of the engine 
and gravity, can be readily determined for any given load. From 
calculation and experiment it appears that heavy trains may de- 
scend gradients of 丁 without attaining a greater velocitv than 
about 40 or 50 miles an hour, by allowing them to nm nneely 
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widiout applyiig the brake to check the speed. By the apph« 
cation of the brake, the velocity may be kept within any limit 
of safety upon much steeper gradients. The only question, then, 
in comparing the advantages of different gradients, is one of the 
comparative cost between the loss of power and speed, on the 
one hand, for ascending trains on steep gradien'^s, and that of the 
heavy excavations, tunnels, and emoankments, on the other, 
which may be required by lighter gradients. 

In distributing the gradients along a line, engineers are gener- 
ally agreed that it is more advantageous to have steep gradients 
upon short portions of the line, than to overcome the same dif- 
ference of lerel by gradients less steep upon longer develop- 
ment. 

679. In steep gradients, where locomotive power cannot be 
employed, stationary power is used, the trains being dragged up, 
or lowered, by ropes connected with a suitable mechanism, 
worked by stationary power placed at the top of the plane. 
The inclined planes, with stationary power, generally receive a 
uniform slope throughout. The portion of the track at the top 
and bottom of the plane, should be level for a sufficient distance 
back, to receive the ascending or descending trains. The axes 
of the level portions should, when practicable, be in the same 
Teitical plane as that of the axis of tne inclined plane. 

Small rollers, or sheeves, are placed at suitable distances along 
the axis of the inclined plane, upon which the rope rests. 

Within a few years oack flexible bands of rolled hoop-iron 
have been substituted for ropes on some of the inclined planes 
of the United States, and have been found to work well, pre- 
senting more durability and being less expensive than ropes. 

680. Tunnels. The great consumption of power by gravity, 
and the necessity therefore of either employing additional power, 
or of diminishing the load of locomotives in ascending steep gra- 
dients, have caused engineers to resort to excavations and em- 
bankments frequently of excessive dimensions, to obtain gradients 
upon which the ordinary loads on a level can be transported with 
a suitable decree of speed. The difficulty and cost of forming 
these works become in some cases so great, that it is found 
preferable to obtain the requisite gradient by carrying the road 
under ground by an excavation termed a tunnel. 

The choice between deep cutting and tunnelling, will depend 
upon the relative cost of the two, and the nature of the ground. 
Wlien the cost of the two methods would be about equal, and 
the slopes of the deep cut are not liable to slips, it is usually 
more advantageous to resort to deep cutting tK^ to tunnelling. 
So much, however, will depend upon local circumstances, thai 
the comparative advantages of the two methods can only be de 
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cided upon understandingly when these are known Where anv 
latitude of choice of locality is allowed, the natuie of the soi^ 
the length of the tunnel, that of the deep cuts by which it must 
be approached, and also the depths of the working and air shafts, 
must all be well studied before any definitive location is decided 
upon. In some cases it may be found, that a longer tunnel with 
shorter deep cuts will be more advantageous in one position, 
than a shorter tunnel with longer deep cuts in another. In oth- 
ers, the greater depth of working shafts may be more than com- 
pensated by obtaining a safer sou, or a shorter tunnel. 

681. The operations in tunnelling will depend upon the nature 
of the soil. The work is commenced by setting out, in the first 
place, with great accuracy upon the surface of the ground, the 
profile line contained in the vertical plane of the axis of the tun- 
nel. At suitable intervals along this .line vertical pits, termed 
working shafts, are sunk to a level with the top, or crown of the 
tunnel. The shafts and the excavations, which form the en- 
trances to the tunnel, are connected, when the soil will admit of 
it, by a small excavation termed a jieadin 冬, or drifts usually five 
or SIX feet in width, and seven or eight feet in height, which is 
made along the crown of the tunnel. After the drift is com- 
pleted, the excavation 《or the tunnel is gradually enlarged ； the 
excavated earth is raised through the working shafts, and at the 
same tune carried out at the ends. The dimensions and form 
of the cross section of the excavation, will depend upon the na- 
ture of the soil, and the object of the tunnel as a communi- 
cation. In solid rock the sides of the excavation are usually 
vertical ； the top receives an arched form ； and the bottom is 
horizontal. In soils which require to be sustained by an arch, 
the excavation should conform as nearly as practicable to the 
form of cross section of the arch. 

In tunnels through unstratified rocks, the sides and roof may 
be safely left unsupported ； but in stratified rocks there is dan- 
ger of blocks becoming detached and falling : wherever this ia 
to be apprehended, the top of the tunnel should be supported by 
an arch. 

Tunnelling in loose soils is one of the most hazardous opera- 
tions of the miner's art, requiring the greatest precautions in 
supporting the sides of the excavations by strong rough frame* 
work, covered by a sheathing of boards, to secure the workmen 
from danger. When in such cases the drift cannot be extended 
throughout the line of the tunnel, the excavation is advanced 
only a few feet in each direction from the bottoixi of the working 
shafts, and is gradually widened and deepened to the proper 
form and dimensions to receive the masonry of the tunnel, which 
is immediately commenced below each working shaf" and m 
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canned forward in both directions towards the two ends of the 
tunnel. 

682. Masonry of tunnels. The cross section of the arch of s 
timnel (Fig. 163) is usually an oval segment, formed of arcs of 




ciicles for the sides and top, resting on an inverted arch at bot 
torn. The tunnels on some of the recent railways in England 
are from 24 to 30 feet wide, and of the same height from the 
level of the rails to the crown of the arch. The usual thickness 
of the arch is eighteen inches. Brick laid in hydraulic cement 
is generally used for the masonry, an askew back course of stone 
being placed at the junction of the sides and the inverted arch. 
The masonry is constructed in short lengths of about twenty 
feet, depending, however, upon the precautions necessary to se- 
cure the sides of the excavation. As the sides of the arch are 
carried up, the frame-work supporting the earth behind is grad- 
ually removed, and the space between the back of the ma- 
sonry and the sides of the excavation is filled in with earth 
well rammed. This operation should be carefully attended to 
throughout the whole of the backing of the arch, so that the 
masonry may not be exposed to the effects of any sudden yield 
ing of the earth around it. 

683. The frame-work of the centres should be so arrangec 
that they may be taken apart and be set up with facility. The 
combination adopted will depend upon the size of the arch, and 
the necessity of supporti ng the sides as well as the top oiF the 
arch by the centre, during the process of the work. 

684. The earth at the ends of the tunnel is supported by a 
retaining wall, usually faced with, stone. These walls, termeJ 
the fronts of the tunnel, are generally finished with the usuaJ 
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architectural designs for gateways. To secure the ends of the 
arch from the pressure of the earth above them, cast-iron platei^ 
of the same snape and depth as the top of the arch, are inBeited 
within the masoDiy, a short distance trom the ends, aod are §e 
cured by wrought-iron rods firmly anchored to the masomy at 
some distance from each end. , 

685. The working shafts, which are generally made cylindii- 
cal and faced with brick, rest upon strong curbs of cast-iro^, 
inserted into the masonry of ihe arch. The diameter of the shan 
within is ordinarily nine feet 

Small shafts, about three feet in diameter, termed air shafts^ 
are in some cases required at intermediate points between the 
workingshafts, for the purposes of ventilation. 、 

686. The ordinary difficulties of tunnelling are greatly increased 
by the presence of water in the soil through Which the work is 
driven. Pumps, or other suitable machinery for raising water, 

E laced in the working shafts, will in some cases be requisite to 
eep them and the drift free from water until an outlet can be 
obtained for it at the ends, by a drain along the bottom of the 
drift. Sometimes, when the water is found to gain upon the 
pumps at some distance above the level of the crown of the 
tunnel, an outlet may be obtained for it by driving above the 
tunnel a drift-way between the shafts, giving it a suitable slope 
from the centre to the two extremities to convey the water off 
rapidly. 

In tunnels for railways, a drain should be laid under the bal* 
Mting along the axis, upon'the inverted arch of the bottouL 
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687. Canals die «iiificid channels for water, applied to tbn 
purpose of inlatid nnvi^tioQ ； for the supply of cities with wa 
ter ； for draining ； ior irrigation, 6cc. tec. 

688. NavigaMe canals are divided into two classes : I at Ca 
nalfl which are on the same level throughout their entire length, 
as those which are found in low level countries. 2d. Canals 
which connect two points of different levels, which lie either in 
the same valley, or on opposite sides of a dividing ridge. This 
class is found in broken countries, in which it is necessary to 
divide the entire lenoth of the canal into several level portions, 
the communication between which is effected by ^me artificial 
means. When the points to be connected lie on opposite sides 
of a dividing ridge, the highest reach, which crosses the ridge, 
is termed the summit level. 

689. 1st Class. The sunreying and laying out a canal in a 
level country, are operations of such extreme simplicity as to 
require no particular notice in this place ； since these operations 
have been fully explained in the subject of Common Roads. 
The line of the canal should be run in a direct line between tiie 
two points to be connected, unless it be found necessary to de- 
flect it at any intermediate points ； in which case, the straight 
portions will be connected bjr arcs of circles of sufficient curva- 
ture to allow the boats used in the navigation to pass each other 
at the curves, without any diminution of their ordinary rate of 
speed. 

The cross section of this class (Fig. 164) presents usually t 



Fig. l<4— OoM Metion of 藝 eanal is level ontting. 




wateT'-waiff or channel of a trapezoidal fonn, with an embank* 
ment on each side, raised above the general level of the countiy, 
•nd fanned of the excavation for the water-war. The lerel, or 
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iuiface of the water, is usually above the natural surface, suffi- 
cient thickness being given to the embankments to prevent the 
filtration of the water through them, and to resist its pressure. 
This arrangement has in its favor the advantage of economy in 
the labor of excavating and embanking, since the cross section 
of the cutting may be so calculated as to furnish the necessary 
earth for the embankment ； but it exposes the surrounding coun- 
try to injury, from accidents happening to the embankments. 

The relative dimensions of the parts of the cross section may 
be generally stated as follows ； suoject to such modifications as 
each particular case may seem to demand. 

The width of the water-way, at bottom, should be at least 
twice the width of the boats used in navigating the canal ； so 
that two boats, in passing each other, may, by sneering towards 
the sides, avoid being brought into contact. 
• The depth of the water-way should be at least eighteen 
inches greatei than the draft of the boat, to facilitate the motion 
of the boat, particularly if there are water-plants growing on 
the bottom. 

The side slopes of the water-way, in compact soils, should 
receive a base at least once-and-a-half the altitude, and propor- 
lionally more as the soil is less compact. 

The thickness of the embankments, at top, is seldom rega 
lated by the pressure of the water against them, as this, in most 
cases, 18 inconsiderable, but to prevent filtration, which, were it 
to take place, would soon cause their destruction. A thickness 
from four to six feet, at top, with the additional thickness given 
by the side slopes at the water surface, will, in most cases, be 
amply sufficient to prevent filtrations. A pathway for the horses 
attached to the boats, termed a tow-path, which is made on one 
of the embankments, and a foot-patn on the other, which should 
be wide enough to serve as an occasional tow-path, give a su- 
perabundance of strength to the embankments. 

The tow-path should be from ten to twelve feet wide, to allow 
the horses to pass each other with ease ； and the foot-path at 
least six feet wide. The height of the surfaces of these pat} 8, 
above the water surface, should not be less than two feet, to 
avoid the wash of the ripple; nor creater than four feet and a 
half, for the facility of the draft of the horses in towing. The 
surface of the tow-path should incline slightly outward, both 
to convey off the surface water in wet weather, and to gi?e 
a firmer footing to the horses, which naturally draw from the 
canal. 

The side slopes of the embankment vary with the charactei 
of the soil : towards the water-way they should seldom be leti 
dm two base to one peipendicular ； from i" they may, if ii bt 
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thought necessary, be less. The interior slope is usually not 
carried up unbroken from the bottom to the top ； but a horizon* 
tal space, termed a bench, or berm, about one or two feet wide, 
is left, about one foot above the water surface, between the side 
slope of the water-way and the foot of the embankment above 
the berm. This space serves to protect the upper part of the 
interior side slope, and is, in some cases, planted with such 
shrubbery as grows most luxuriantly in aquatic localities, to pro 
tect more efficaciously the banks by the support which its roots 
give to the soil. The side slopes are better protected by a re- 
v^tement of dry stone. Aquatic plants of the bulrush kind 
have been used, with success, for the same purpose ； being 
planted on the bottom, at the foot of the side slope, they serve 
to break the ripple, and preserve the slopes from its effects. 

The earth oi which the embankments are formed should be 
of a eood binding character, and perfectly free from vegetabla 
mouldy and all vegetable matter, as the roots of plants, &c. In 
forming the embankments, the vegetable mould should be care- 
fully removed from the surface on which they are to rest ； and 
they should be carried up in uniform layers, from nine to twelve 
inches thick, and be well rammed. If the character of the earth, 
of which the embankments are formed, is such as not to present 
entire security against filtration, a puddling of clay, or fine sand, 
two or three feet thick, may be laid in the interior of the mass, 
penetrating a foot below the natural surface. Sand is useful in 
preventing filtration caused by the holes made in the embank- 
ments near the water surface by insects, moles, rats, &; c. 

Side drains must be made, on each side, a foot or two from 
the embankments, to prevent the surface water of the natural 
surface from injuring the embaDkments. 

690. 2d Class. This class will admit of two subdivisions : 
1st, Canals which lie throughout in the same valley ； 2d, Canals 
with a summit level. 

Location. In laying out canals, belonging to the first sub- 
diyision, the line of direction of the canal should be as direct as 

Craciicable between the two points. As the different levels, 
owever, must be laid out on one of the side slopes of 言 he val« 
ley, their lines of direction will be nearly the, same as the hori 
zontal curved line in which the natural surface of the ground 
would be intersected by the water surface of the canal pro- 
duced ； the variations in direction from this curve depending on 
the character of the cutungs and fillings, both as to the advan- 
tages which the one may present over the other as regards filtra 
tion, and the economy of construction. 

With respect to the side slope of the valley along which the 
canal iw to be run, the engineer must be guided in his choice by 



dte relative expense of construction on the two 
will depend on the quantity of cutting and filling 
for the culverts, &. c, and tne nature of the soil _ 
• ' 'ing water. All other things being equal, the side on which 
fewest secondaty water-courses are found will, generally 



ing, the masonry 
li] as adapted U 



the fewest secondaty water-courses are found will, generally 
apeaking, offer the greatest advantage as to eneiiae ； but, it may 
happen that the Mcondaiy watercourses will be required to feed 
' ■-• "i case it will be necessary to lay 

re they are found most conTeaient, 



die canal with water, in whi 
out the line on the side where tl 
and in most abundance. 

As to the points in which the line of direction should cross the 
secondary TuleyS) the engineer will be guided by the same con- 
Bideiations as for any other line of , 



r any 

them by following the natural surface, 
right line, as may be most economical. 
* 691. Cross section. The side formationa (rf excavatims 
embankmenta require peculiar care, paTticularly the l^ter, as 
any crevices, when they are first formed, or which may take 
place by settling, might prove destructive to the work. In most 
cases, a stratum of ^ood binding earth, lining the water-way 
ihroiighout to the thickness of about four feet. 




•and has b 
The sand 



ipactiy 

-— __ jufficieot security, if the sub- 

a firm character, and not liable to settle. Fine 
applied with success to stop the leakage in canals. 



to stop t _ 
is sprinkled, ini small quantities 

the surlace ot tl 
the bottom and i 
luddling has been found to ai»， 
e the subBtnictare is formed of fisgmi 



The sand for this purpose is spnnkled, in small quantit 
time, over the surface of the water, and gradually fills 
itlets in the bottom and sides of the canal. But 



caws 
out with 
ncter, 



lb stone, laid in hydraDlic mortar. A lining of tfui 
(Fig. 165.) both at the I " -' 
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•tones, about four inches thick, laid on a bed of hydraulic maP' 
tar, one inch thick, and covered by a ibimilar coat of mortar, 
oiaJuag the entire thickness of the lining six inches, has been 
found to answer all the required purposes. This lining should 
be covered, both at bottom and on the sides, by a layer of good 
earth, at least three feet thick, to protect it from the shock of the 
boats striking either of those parts. 

The cross section of the canal and its tow-paths in deep cut 
ting (Fig. 166) should be regulated in the same way as in canals 




U IM— Crmb Mction of a canal in deep cutting, 
aide dopes of cutting. 



ot the first class ； but when the cuttings are of considerable 
depth, it has been recommended to reduce both to the dimen- 
sions strictly necessary for the passage of a single boat. By 
this reduction there would be some economy in the excavations ； 
but this advantage would, generally, be of too trifling a charac- 
ter to be placed as an offset to the inconveniences resulting to 
the navigation, particularly where an active trade was to be car- 
ried on. 

692. Summit level. As the water for the supply of the sum* 
mit level of a canal must be collected from the ground that lies 
above it, the position selected for the summit level should be at 
the lowest point practicable of the dividing ridge, between the 
two branches of tne canal. In selecting this point, and the di- 
rection of the two branches of the canal, the engineer will be 
guided by the consideratioDS with regard to the natural features 
of the surface, which have already been dwelt upon. 

693. Supply of water. The quantity of water required fo, 
canals with a summit level, may be divided into two portiona 
Ist. That which is required for the summit level, and tnoae lev 
els which draw from it their supply. 2d. That which is wanted 
for the levels below those, and which is furnished from other 
sources. 

The supply of the first portion, which must be collected at 
the summit level, may be divided into several elements : Ist 
The quantity required to fill the summit level, and the levela 
which draw their supply from it. 2d. The quantity required to 
supply losses, arising from accidents ； as breaches in the banks, 
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and tlie emptying of the levels for repairs. 3d. The suppliet 
for losses from surface evaporation, from leakage througb the 
•oil, and through the lock gates. 4. The quantity required foi 
the service of the navigation, arising from the passage of the 
boats from one level to another. Owing to the want of sufficient 
data, founded on accurate observations, no p>ecise amount can 
be assigned to these various elements which will serve the engi- 
neer as data for rigorous calculation. 

The quantity required, in the first place, to fi/1 the summit 
level and its dependent levels, will depend on theit size, an ele- 
ment which can be readily calculated ； and upon the quantity 
which would soak into the soil, which is an element of a very 
indeterminate character, depending on the nature of the soil in 
the* different levels. 

The supplies for accidental losses are of a still less deteimi- 
nate character. 

To calculate the supply for losses from surface evaporation, 
correct observations must be made on the yearly amount of 
evaporation, and the quantity of rain that falls on the surface ； as 
the loss to be supplied will be the difference between these two 
quantities. 

With regard to the leakage through the soil, it will depend on 
the greater or less capacity which the soil has for holding water. 
This element varies not only with the nature of the soil, but also 
with the shorter or longer time that the canal may have been in 
use ； it having been found to decrease with time, and to be, 
comparatively, but trifling in old canals. In ordinary soils it 
may be estimated at about two inches in depth every twenty-four 
hours, for some time after the canal is first opened. The leak- 
age through the gates will depend on the worKmanship of these 
parts. From experiments by Mr. Fisk, on the Chesapeake and 
Ohio canal, the leakage through the locks at the summit level, 
which are 100 feet long, 15 feet wide, and have a lift of 8 feet, 
amounts to twelve locks full daily, or about 62 cubic feet per 
minute. The monthly loss upon the same canal, from evapora- 
tion and filtration, is about twice the quantity of water contained 
in it* From experiments made by Mr. J. B. Jervis, on the Erie 
canal, We total iobs, trom evaporation, filtration, and leakage 
•airough the gates, is about 100 cubic feet per minute, for each 
mile. 

(n estimating the quantity of water expended for the service 
of the navigation, in passing the boats from one level to another, 
two distinct cases require examination : 一 1st. Where there is but 
one lock between two levels, or in oilier words, when the locki 
are isolated. 2d, When there are several contiguous locks, or 
IS it is termed, a fligh* of locks between two levels. 
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694. A lock is a small b^isin just large enough to receive a 
boat, in which the water is usually confined on me sides by two 
upright walls of masonry, and at the ends by two ^ates, which 
open and shut, both for the purpose of allowing the boat to pass, 
and to cut off the water of the upper level from the lower, as 
well as from the lock while the ooat is in it. To pass a boat 
from one level to the other ~ from the lower to the upper end, 
for example ~ the lower gates are opened, and the boat having 
entered the lock they are shut, and water is drawn from the up* 
per level, by means of valves, to fill the lock and raise the boat , 
when this operation is finished, the upper gates are opened, and 
the boat is passed out. To descend from the upper level, the 
lock is first filled ； the upper gates are then opened, and the boat 

Eassed in ； these gates are next shut, and the water is drawn 
•om the lock, by valves, until the boat is lowered to the lower 
level, when the lower gates are opened and the boat is passed 
out. 

In the two operations just described, it is evident, that for the 

Sassage of a boat, up or down, a quantity of water must be 
rawn from the upper level to fill the lock to a height which is 
equal to the difference of level between the surface of the water 
in the two ； this height is termed the lift of the lock, and the 
volume of water reouired to pass a boat up or down is termed 
the prism of lift. The calculation, therefore, for the Quantity 
of water requisite for the service of the navigation, wiS be sim- 
ply that of the number of prisms of lift which each boat will 
draw from the summit level m passing up or down. 

695. Let a boat, on its way up, be supposed to have arrived 
at the lowest level supplied firom the summit level ； it will re- 
quire a prism of lift to ascend the next level above, and so on in 
succession, until it reaches the summit level, from which one 
prism of lift must be drawn to enable the boat to enter it. From 
this it appears that but one prism of lift is drawn from the sum- 
mit level for the passage of a boat up. Now, in descending ou 
the other side, the boat will require one prism of lift to take it to 
the next level, and this prism of lift will carry it through all the 
successive locks, if their lifts are the same. For the entire pas- 
sage of one boat, then, two prisms of lift must be drawn ttom 
the summit level. 

This boat will thus leave all the locks full on the side of the 
ascent, and empty on the side of the descent. Now the next boat 
may be going in the same, or in an opposite direction, with re- 
spect to the first. If it follows the first, it wiJl evidently require 
two prisms of lift for its entire passage, and will leave the locks 
ill the same state as they were. If it proceeds in an opposite 
divection, " will require a prism of lift to ascend to the summil 
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^evel ； but, in descending, it will take advantage of the full locc 
«eft by the preceding boat, and will therefore not draw from 
summit ley eJ for its descent to the next; the same will take 
ce at every level until the last, wl ere it will carry out with it 
prism of lift, which was drawn from the summit level for the 
preceding boat, so that in this case it will draw but one prism 
of lift from the summit leyel. If the two boats had met on the 
summit level, the same would have taken place : therefore, when 
the boats alternate regularly, each will require but one pnsm of 
lift for its entire passage. But as this regularity of alternation 
cannot be practically earned into effect, an allowance of two 
prisms of lift must be made for the entire passage of each boat 

In calculating the expenditure for locks in iUghts, a new ele* 
ment, termed the prism of draught, must be Veken into account. 
This prism is the quantity of water required to float the boat in 
the lock when the prism of lift is drawn off ； and is evidently 
equal in depth to tne water in the canal, unless it should hie 
deemed advisable to make it just sufficient for the draught of the 
boat, by which a small saving of water might be effected. 

696. Locks in flights may be considered under two points of 
view, with regard to the expenditure of water : the first, where 
both the prism of lift, and that of draught, are drawn off for the 
passage of a boat ； or second, where the prisms of draught are 
always retained in the locks. The expenditure, of course, will 
be different for the two cases. 

To ascertain what will take place in the two cases, let a case 
be supposed, in which there is a flight of locks on each side of 
the summit level, to connect it with the two next lower levels. 
In the first case, a boat, arriying at the foot of the flight, finds 
all the locks of the flight empty, except the lowest, which must 
contain a prism of draught to float tne boat in. To raise the 
boat, then, to the upper level, all the locks of the flight must be 
filled from the summit level, which will require as many prisms 
of lift as there are locks, and as many prisms of draught as there, 
are locks less one ； or, representing by l the prism of lift, d the 
prism of draught, and n the number of locks in the flight, the 
total Quantity of water, for the ascent of the boat, will be repre- 
sented by , r 1、 "、 
3 nL + (n 一 1) d; . . . (1). 

In descending, on the opposite side, the boat will require a prism 
of lift and one of draught at the first lock ； but to enter the sec- 
ond another prism of draught in addition will be required, an<* 
this entire quantity will be sufficient to take it through all tK4 
remaining locks oi the flight : this quantity will therefoie li \ lef^ 
resent^ bv 

i. + 2D; . . • (3). 
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for the entire passage of the boat, the total expenditure 
represented by 

(n + l)L + (n + l) D. • (3). 

The flighty on one side, is thus left full after the passage of 
the first boa" and on the other side, empty. If a second boat, 
then, follows directly after the first, the prism of lift must be 
drawn from the lowest lock to admit the boat, this prism is then 
supplied from the lock next above, and so on to the summit lev- 
el ； so that but one prism of lift will be drawn off for the ascent 
of this 'boat, and it will require one of lift, and two of draught, 
to carry it down the opposite flight. If, therefore, the total 
number of boats which follow in this order, including the first, 
be represented by m, the total expenditure will be represent* 
ed by 

(n + 1) L + (n + 1) D + (»i - 1) 2l + (771 — 1) 2d. • (4). 

If the second boat, instead of following the first, arrives in 
the opposite direction, or alternates with it, the expenditure for 
iu ascent will be represented by the formula (1)， and for its de- 
scent it will be nothing, since it finds the opposite flight filled, 
as left by the first boat ； but if the locks had been emptied, then 
the passage of the second boat would have taken place under 
the same circumstances as that of the first. 

It will be unnecessary here to go farther into these calcula- 
tions for the various cases that may occur, under the different 
circumstances of passage of the boats or of empty or full flights ； 
the preceding gives the spirit of the method, and will give the 
means for entering upon a calculation to allow for the loss or 
gain by the passage of freighted or of empty boats, following 
any prescribed order of passage. These rennements are, for 
the most part, more curious than useful ； and the engineer should 
confine himself to making an ample allowance for the most un- 
favorable cases, both as regards the order of passage and the 
number of boats. 

697. Feeders and Reservoirs. Having ascertained, from the 
preceding considerations, the probable supply which should be 
collected at the summit level, the engineer will next direct his 
attention to the sources from which it may be procured. Theo- 
retically considered, all the water that drains from the ground 
adjacent to the summit level, and above it, might be collected for 
its supply ； but it is found in practice that channels for the con* 
veyance of water must have certain slopes, and that these slopes, 
moreover, will regulate the supply furnished in a certain time, 
all other things being equal. In making, however, the survey 
of the country, from which the water is to be supplied to the 
•ununit level, all the ground above it should be examined, lear* 
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ing the determination of the slopes for after consideiaJons. The 
survey for this object consists in making an accurate delineation 
of all the water-courses above the summit level, and in ascer- 
taining the quantity of water which can be furnished by each Id 
a given time. This survey, as well as the measurement of the 
quantity of water furnished by each stream, which is termed the 
gauging, should be made in the driest season of the year, in or- 
der to ascertain the minimum supply. 

698. The usual method of collecting the water of the sources, 
and conveying it to the summit level, is by feeders and reser- 
voirs. The feeder is a canal of a small cross section, which is 
traced on the surface of the ground with a suitable slope, to 
convey the water either into the reservoir, or direct to the 
summit level. The dimensions of the cross section, and the 
lon^tudinal slope of the feeder, should bear certain relations to 
each other, in order that it shall' deliver a certain supply in a 
given time. The smaller the slope given to the feeder, the lower 
will be the points at which it will intersect the sources of supply, 
and therefore the greater will be the quantity of water which it 
will receive. This slope, however, has a practical limit, which 
is laid down at four inches in 1000 yards, or nine thousand base 
to one altitude ； and the greatest slope should not exceed that 
which would give the current a greater mean velocity than tliir 
teen inches per second, in order that the bed of the feeder may 
not be injured. Feeders are furnished, like ordinary canals, 
with contrivances to let off a part, or the whole, of the water in 
them, in cases of heavy rains, or for making repairs. 

But a small proportion of the water coUected by the feeders 
is delivered at the reservoir ； the loss from various causes being 
much greater in them than in canals. From observations made 
on some of the feeders of canals in France, which have been in 
use for a long period, it appears that the feeder of the Briare 
canal delivers only about one fourth of the water it gathers from 
its sources of supply ； and that the annual loss of the two feed- 
ers of the Languedoc canal, amounts to 100 times the quantity 
of water which they can contain. 

699. A reservoir is a large pond, or body of water, held in 
xesei ?e for the necessary supply of the summit level. A reser- 
Toir is usually formed by choosing a suitable site in a deep and 
narrow valley, which lies above the summit level, and erecting a 
dam of earth, or of masonry, across the outlet of the valley, or 
at some more suitable point, to confine the water to be collected. 
The object to be attained, in this case, is to embody the greatest 
Tolume of water, and at the same time present the smalleil 
evaporating sui face, at the smallest co»t for the construction d 
the dam 
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It rt generally deemed best to have two reservoirs for the sup- 
ply, one to contain the greater quantity of water, and the other 
which is termed the distributing reservoir, to regulate the sup* 
ply to the summit level. If, however, the summit level is very 
capacious, it may be used as the distributing reservoir' 

The proportion between the quantity of water that falls upon 
a given suitace, and that which can be collected from it for the 
supply of a reservoir, varies considerably with the latitude, the 
season of the year, and the natural features of the locality. The 
drainage is greatest in high latitudes, and in the winter and spring 
seasons ； with respect to the natural features, a wooded surface 
with narrow and deep valleys will yield a larger amount than an 
open flat country. 

But few observations have been made on this poipt by engi- 
neers. From some by Mr. J. B. Jervis, in reference to the 
reservoirs for the Chenango canal, in the state of New York, it 
appears that in that locality about two fifths of the quantity of 
rain may be collected for the supply of a reservoir. The pro- 
portion usually adopted by engineers is one third. 、 

The loss of water from the reservoir by evaporation, filtration, 
and other causes, will depend upon the nature of the soil, and 
the exposure of the water surface. From observations made 
upon gome of the old reservoirs in England and France, it ap« 
pears that the daily loss averages about half an inch in depth. 

700. The dams of reservoirs have been' variously construoCed: 
in some cases they have been made entirely of earth, (Fig. 167;) 




Fig. 167— RepneentB the section of a dam with three discharging culvorta. 
A, bodr of toe dam. 
B» pond. 

«, a, a, cohrertB, with ▼aires at their inlets, which discharge into the yertical well b. 
e, e, c, groovesyn the faces of the nde-walls, which form the entrance to the eiuverti^ 

ip-piank dam acron the outlet of the bottom cnlveit, to dun back the water into 
feitioal well 秦 

ipet wall on top of the dam. 

in others, entirely of masonry ； and in others, of earth imcked in 
between several parallel stone walls. It is now thougat beit lo 
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surface of the offset, it, should be kept covered with a sheet c( 
water retained by a dam placed across its outlet. 




Fig. 109— Reprexentfl a section of a waste-weir divided into two falls. 
A, body of the dam. 
d， top of the waste- weir. 

fr. pool, formed by a stop-plank dam at e. to break the fall of the water. 

a, ooveriug of loose stone to break the fall of the water from the pool abmre. ， 

I 一 , 

703. In extensive reservoirs, in which a large surface is ex« 
posed to the action of the winds, waves might be forced ovei 
the top of the dam, and subject it to danger ； in such cases the 
precaution should be taken of placing a parapet wall towards 
the outer edge of the top of the dam, and facing the top through- 
out with flat stones laid in mortar. 

704. Lift of locks. From the preceding observations on the 
expenditure of water for the service of the navigation, it appears 
that isolated locks are more favorable under tnis point oi view 
than locks in flights. The engineer is not, however, always left 
free to select between the two systems ； for the form of the 
natural surface of the ground may compel him to adopt a flight 
of locks at certain points. As to the comparative expense of the 
two methods, a flight is in most cases cheaper than the same 
number of single locks, as there are certain parts of the masonry 
which can be suppressed. There is also an economy in the 
suppression of the small gates, which are not needed in flights. 
It IS, however, more difficult to secure the* foundations of com- 
bined than of single locks from the effects of the water, which 
forces its way from the upper.to the lower level under the locks. 
Where an active trade is carried on, a double flight is sometimes 
arranged ； one for the ascending, the other for the descending 
boats. In this case the water which fills one flight may, after 
iJie passage of the boat, be partly used for the other, by an 
arrangement of valves made in the side wall separating the 
locks. 

The lift of locks is a subject of importance, both as regards 
the consumption of w-iter for the navigation, and the econonly 
of construction. Locks with great lifts, dA may be seen from 
the remarks on the passage o&. boats, consume more water thsn 
those with small lifts. They require also more care in their 
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eonstniction, to preserve them from accidents, owing to the grera 
pressure of water against their sides. The expense of construe* 
tion is otherwise in their favor: that is, the expense will increase 



the same;. The smallest lifts are seldom less than five feet, and 
the greatest, for ordinary canals, not over twelve ； medium lifts 
of seven or eight feet are considered the best under every point 
cf Tiew. This is a point, however, which cannot be settled 
aibitrarily, as the nature of the foundations, the materials used, 
the embankments around the locks, the changes in the direction 
of the canal, caused by varying the lifts, are so many modifying 
causes, which should be carefully weighed before adopting a 
definitive plan. 

The lifts of a flight should be the same throughout ； but in 
isolated locks the lifts may vary according to circumstances. If 
the supply of water from the summit level requires to be econo- 
mized with care, the lifts of locks which are furnished from it 
may be less than those lower down. 

705. Levels. The position and the dimensions of the levels 
must be mainly determined by the form of the natural surface. 
Those points are naturally chosen to pass from one level to 
another, or as the positions for the locks, where there is an ab- 
rupt change in the surface. 

A level, by a suitable modification of its cross section, can be 
made as short as may be deemed desirable ； there being but one 
point to be attended to in this, which is, that a boat passing be- 
tween the two locks, at the ends of the level, will have time to 
enter either lock before it can ground, on the supposition, that 
the water drawn off to fill the lower lock, while the boat is tra- 
versing the level, will just reduce the depth to the draught of -the 
boat 

706. Locks. A lock (Fig. 170) may be divided into three 
distinct parts : 一 1st. The pait included between the two gates, 
which is termed the chamber, 2d. The part above the upper 



lower gates, termed the aft, or tail-icn/, 

707. The lock chamber must be wide enough to allow an 
easy ingress and esress to the boats commonly used on the ca^ 
nal; a surplus width of one foot over the width of the boat across 
the beam is usually deemed sufficient for this purpose. The 
length of the chamber should be also regulated by that of the 
boats ； it should be such, that when the boat enters the lock 
from Uie lower level, the tail-gates may be shut without requiring 
tbeboat to unship its rudder. 

The plan of the chamber is usually rectangular, as this form 
\Bf in every respect^ superior to all others. In the cross section 
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batter ； as when so arranged they are found to give greater fit- 
cili^ to the passage of the boat than when vertical. The bot* 
lorn of the cnamber is either flat or curred ； more water will be 
m^ired to fill the flat-bottomed chamber than the curved, but H 
win require less masonry in its constnictioo. 

708. The chamber is terminated just within the head gates br 
a vertical wall, the plan of which is usually curved., Ab ihis 
wall aeparatcs the upper from the lower level, it is tenned the 
Uft-wail ； it is usually of the same height as ibe lift of the lev- 
eU. The top of the lift-wall is fonneaof cut stone, the vertical 
joints of which are normal to the curved- lace of the wall ； thii 
top course projects from six to nine inphes above the bottom of 
the upper level, presenting an angular point, for the bottom of 
the head-gates, when shut, to rest against. This is tended the 
ptitre-sill. Various degrees of opening hare been given m the 
angle between the two tranche, of the mitre-sill ； it is, however, 
generally so detemuned, that the perpendicular of the isowelea 
triangle, funned by the two braiwhes, shall my between on* 
fifth and one sixth of Uie base. 

As stone mitre-sills ve liable to injunr from the Bhock of the 
gate, they are now usually coDBtracted <a timber, (Fig. 178,) 

Fill, lia— B«i»wnta ■ rian of a wboJbw mHi»- 

nU ud a hniiaiiUl wucxim at • iMfe^al* 

i 0, a, niilre-aill mmed with th* pleeci i nd 0^ 
f and flnnln Mailed lo lha ade nlte A, A. 
dftB^mol quoin poati of hick-|ala. 
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； curing them firmly upon the top of the lift- 
rell to place the top of the mitre-sill on th« 
lift-wall a little lower than the bottom of the canal, to preseire 
it from being Btruck by the k 
leaTing the lock. 

709. The cross section of the chamber walh ia nsnally tr^w- 
niikl ； the facing receires a slight batter. The chamber waUi 
4S 
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we exposed to two opposite efforts ； the watei in the Jock an 
one side, and the embankment against the wall on the other 
The pressure of the embankment is the greater as well as the 
more permanent effort of the two. The dimensions of the wall 
must be regulated by this pressure. The usual manner of doing 
this, is to make the wall four feet thick at the water line of the 
upper level, to secure it against filtration ； and then to determine 
the base of the batter, so that the mass of masonry shall present 
sufficient stability to counteract the tendency of the pressure. 
The spread, and other dimensions of the foundations, will be 
regelated according to the nature of the soil, in the same way 
as in other structures. 

710. The bottom of the chamber, as has been stated, may be 
either flat or curved. The flat bottom is suitable to very firm 
soils, which will neither yield to the vertical pressure of the 
chamber walls, nor admit the water to filter from the upper level 
under the bottom of the lock. In either of the contrary cases, 
the bottom should be made with an inverted arch, as tnis form 
will oppose greater resistance to the upward prfssiire of the 
water under the bottom, and will serve to dislrioute the weight 
of the walls over the portion of the foundation under the arch. 
The thickness of the masonry of the bottom will depend on the 
width of the chamber, and the nature of the soil. Were the 
soil a solid rock, no bottoming would be requisite ； if it is of soft 
mud, a very solid bottoming, from three to six feet in thickness, 
might be requisite. 

711. The principal danger to the foundations arises from the 
water which may niter from the upper to the lower level, under 
the bottom of the lock. One preventive for this, but not an ef- 
fectual one, is to drive sheeting piles across the canal at the end 
of the head-bay ； another, whicli is more expensive, but more 
certain in its effects, consists in forming a deep trench of two or 
three feet in width, just under the head-bay, and filling it with 
beton, which unites at top with the masonry of the head-bay. 
Similar trenches might be placed under the chamber were it 
considered necessary. 

712. The lift-waU usually receives the same thickness as the 
chatnber walls ； but, unless the soil is very firm,' it would be 
more prudent to form a general mass of masonry under the en- 
tire head-bay, to a level with the base of the chamber founda- 
tions, of which mass the lift-wall should form a part. 

713. The head-bay is enclosed between two parallel walls, 
which form a part of the side walls of the lock. They are ter 
minated by two wing walls, which it will be found most eco* 
nomical to run back at right angles with the side walls. A re- 
cctt, termed the gate-chamber^ is mado Ox the wall of the head 
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bay } the depth of this recess should be sufficient to allow the 

Sate, when open, to fall two or three inches within the facing of 
le wall, so tnat it may be out of the way when a boat is pass 
ing ； the length of the recess should be a few inches more than 
the width of the gate. That part of the recess where the gate 
turns on its pivot is termed the hollow quoin ； it receives what 
is termed the heel, or quoin-post of the ffate, which is made of a 
suitable form to fit the hollow ouoin. The distance between the 
hollow quoins and the face of the lift-wall will depend on the 
pressure against the mitre-sill, and the strength of the stone , 
ei^tecn inches will generally be found amply sufficient. 

The side walls need not extend more toan twelve inches be 
yond the other end of the gate-chamber. The wing walls may 
be extended back to the total width of the canal, but it will be 
more economical to narrow the canal near the lock, and to ex- 
tend the wing walls only about two feet into the banks, or sides. 
The dimensions of the side and wing walls of the head-bay are 
regulated in the same way as the chamber walls. 

The bottom of the head-bay is flat, and on the same level with 
the bottom of the canal ； the exterior course of stones at the en- 
trance to the lock should be so jointed as not to work loose. 

714. The gate-chambers for the lower gates are made in the 
chamber walls ； and it is to be observed, that the bottom of the 
chamber, where the gates swing back, should be i]at, or be oth- 
erwise arranged not to impede the play of the gates. 

715. The side walls ol the tail-bay arg also a part of the gen- 
eral side walls, and their thickness is regulated as in the prece- 
ding cases. Their length will depend chiefly on the pressure 
which the lower gates throw against them when the lock is full ； 
and partly on the space required by the lock-men in opening and 
shutting gates manoeuvred by the balance beam. A calculation 
must be made for each particular case, to ascertain the most 
suitable length. The side walls are also terminated by wing 
walls, similarly arranged to those of the head-bay. The points 
of junction between the wing and side walls should, in both 
cases, either be curved, or the stones at the angles be rounded 
off. One or two perpendicular grooves are sdmetimes made in 
the side walls of the tail-bay, to receive stop-planks, when a 
temporary dam is needed, to shut off the water oi the lower level 
from the chamber, in case of repairs, &c. Similar arrangementa 
might Be made at the head-bay, but they are not indispensable 
in either case. , 

The strain on the walls at the holl ，w quoins is greater than ai 
any other points, owing to the pressure at those points from tho 
gates, when they are shut, and to the action of the gates when 
in motion; to counteract this, and strengthen the walls, but 
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tresses should be placed at the back of the walls in the moct 
favorable position oehind the quoins to subserve the object in 
view. 

The bottom of the tail-bay is arranged, in all respects, like 
that of the head-bay. 

716. The top of the side walls of the lock may be from one 
to two feet above the general level of the water in the upper 

. reach ； the top course of the masonry being of heavy large 
blocks of cut stone, although this kind of coping is not indis- 
pensable, as smaller masses have been found to suit the same 

imrpose, but they are less durable. As to the masonry of the 
ock, in general, it is only necessary to observe, that those parts 
alone need be of cut stone where there is great wear and tear 
from any cause, as at the angles generally ； or where an accu- 
rate finish is indispensable, as at the hollow quoins. The other 

Carts may be of brick, rubble, beton, &c.， but every part should 
e laid in the best hydraulic mortar. 

717. The filling and emptying the lock chamber have given 
rise to various discussions and experiments, all of which have 
been reduced to the comparative advantages of letting the watei 
in and off by valves made in the gates themselves, or by culverts 
in the side walls, which are opened and shut by valves. When 
the water is let in through valves in the gates, its effects on the 
sides and bottom of the chamber are found to be very injurious, 
particularly in high lift-walls ； besides the inconvenience resulu 
ing from the agitation of the boat in the 】ock. To obviate this, 
in some degree, it has been proposed to give the lift-wall the 
form of an inclined curved surface, alonff which the water might 
descend without producing a shock on the bottom. 

718. The side culverts are small arched conduits, of a circu- 
lar, or an elliptical cross section, which are made in the mass 
of masonry of the side-walls, to convey the water from the up- 
per level to the chamber. These culverts, in some cases, run 
the entire length of the side walls, on a level with the bottom 
of the chamber, from the lift-wall to the end of the tail-wall, and 
have several outlets leading to the chamber. They are arranged 
with two valves, one to close the mouth of the ciuvert, at the 
upper level, the other to close the outlet from the chamber, to 
the lower level. This is, perhaps, one of the best arrangements 
for side culverts. They all present the same difficulty in making 
repairs when out of oi der, and they are moreover very subject 
to acc'dents. They are therefore on these accounts mfeiior to 
Talves in the gates. 

719. It has also been proposed, to avoid the inconvenience 雪 
of culverts, and the disadvantages of lift-walls, by suppressing 
the latter, and gradually increasing the depth of the upper levet 



to the beUcon of the chamber. Tin- method presenU a rating 
ia the man of masonry, but the gutei will cost more, as tha 
bead snd tail galea must be of the same hei^t. It would en- 
e objection to valvee in the gates, as the current 
a this case, would not be sufficiently strong to 



r' must be of the same hei^t. 1 
' objection to yalyes in the gates, as the current 

injure the masonry. 

720. The botUHn of the canal below the lock should be pro- 
tected by what it tenaed an apron, which ia a corning of pmnk 



laid on a grillage, or else one of bnuh-wood and dry stODe. The 
■ides should also be faced ， 

in d ― 

I to thirty feet 

leqaiie it. The entrance to the bead-bay i 



i with timber or dry stone. The length 

of ifaiB iacing will depend on the strength of the current ； gene- 
rally not more than from fifteen to thirty feet from the lock will 



1 ranee to the bead-bay is, in some cases, 

nmilarly protected, bul this is unoecessaiy, as the cuirent has 
■ " 'it point 

f timber and diy atcne, termed com* 



it a very sUgbt effect at that point 

721. Locke comtmcled of timber a: , ___ 

paiteUockt, are to be met with on sevenuof the canals of the 
Uoited States. The side walls are formed of dry stone carefully 



nd dry atcne, 
STenuof the i 

tloited States. The side walls are formed of dry stone 
laid; the sidee of the chamber being faced with plank 
horizontal and upright timbers, which are firmly seem 



horizontal and upright timbers, which are firmly secured 
dry stone walls. The walla rest upon a plaifonn laid upon , 
bums placed transversely to the axis ot the lock. The botton 
of the cluunber usually receives a double thickness of plaiik 
The quoin-posts and mitre-siUs are formed of heavy beams. 
722. Lock Gates. A lock gate (Fig. 173) is composed of two 



a, a, quoiu-pcak. 

b, mitn-poata. 

fiaroad Into , 
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ares, each leaf conusting of a solid firame-woric corered on 
le aide towards the water with thick plank made water-tight, 
'be frame usually consists of two uprights, of several horizon - 
il cross pieces let into the uprights, and sometiaies a diagonal 
ieoe, <n bnce, intended to keep tlie frame of an imaruUi 
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form, 18 added. The upright, around which the leaf turns, termed 
the quoin or heel-post, is rounded off on the back to fit in the 
hollow quoin ； it is made slightly eccentric with it, so that it may 
turn easily without rubbing against the quoin ； its lower end resu 
on an iron gudgeon, to which it is fitted by a corresponding in - 
dentation in an iron socket on the end ； the upper extremity is 
secured to the side walls by an iron collar, within which the post 
turns. The collar is so arranged that it can be easily fastened 
to, or loosened from two iron bars, termed anchor-irons, which 
are firmly attached by bolts, or a lead sealing, to the top course 
of the walls. One of the anchor-irons is placed in a line with 
the leaf when shut, the other in a line with it when open, to re . 
sist most effectually the strain in those two positions of the gate. 
The opposite upright, termed the mitre^post, has one edge bev- 
elled off, to fit against the mitre-post of the other leaf of the 
gate. 

723. A long heavy beam, termed a balance beam, from its 
partially balancing the weight of the leaf, rests on the quoin 
『t, to which it is secured, and is mortised with the mitre post. 

lock, to be readily manoeuvred ； its principal use being to open 
and shut the leaf. 

724. The top cross piece of the ^te should be about on a 
level with the top of the lock ； the bottom cross piece should 
swing clear of the bottom of the lock. The position of the in- 
termediate cross pieces may be made to depend on their dimen- 
sions : if they are of the same dimensions, they should be placed 
nearer together at the bottom, as the pressure of the water is 
there greatest ； but, by making them of unequal dimensions, 
they may be placed at equal distances apart ； this, however, is 
not of much importance except for large gates, and considerable 
depths of water. 

The plank may be arranged either parallel to the uprigW, or 
parallel to the diagonal brace ； in the latter position they will act 
with the brace to preserve the form of the frame. 

725. A wide board supported on brackets, is often affixed ta 
the gates, both for the manoeuvre of the machinery of the valves, 
and to serve as a foot bridge across the lock, fhe valves are 
small gates which are arranged to close the openings made in 
the gates for letting in, or drawing off the water. They are ar- 
ranged to slide up and down in grooves, by the aid of a nick and 

Einion, or a square screw ； or they may be made to open or shut 
V turning on a vertical axis, in which case they are termed pad^ 
die gates. The openings in the upper gates are made between 
the two lowest cross pieces. In the lower gates the opeDiMs 
ue placed just below the surface of the water in Uie reach. 
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vise of the opening will depend on the time in which t is !«： 
qinred to fiQ the lock. 

726. Accessory Works, Under this head are classed thoso 
roTistructioifS which are not a part of the canal proper, although 
generally found necespary on all canals : as the culverts for cuii« 
veymg off the water courses which intersect the line of the canal; 
the inlets of feeders for the supply of water ； aqut^uct Lnd^es^ 
&c. &:c. 

727. Culverts. The disposition to be made of water courses 
intersecting the line of the canal will depend on their size, the 
character of their current, and the relative positions of the canal 
and streain. 

Small biooks which lie lower than the canal may be conveyed 
under it through an ordinary culvert. If the level of the canal 
and brook is nearly the same, it will then be necessary to make 
the culvert in the shape, of an inverted syphon, and it is therefore 
termed a broken-hack culvert If the watef of the brook is 
generally limpid, and iu current gentle, it may, in the last case, 
be received into the canal. The communication of the brook, or 
feeder, with the canal, should be so arranged that the water may 
be shut off, or let in at pleasure, in any quantity desired. For 
this purpose a cut is made tbrou|rfi the side of the canal, and the 
sides and bottom of the cut are faced with masonry laid in hy- 
draulic mortar. A sliding gate, fitted into two grooves made in 
the side walls, is manoeuvred by a rack pnd pinion, so as to reg- 
ulate the quantity of water to be let in. The water of the feeder, 
or brook, should first be received in a baein, or reservoir, near 
the canal, where it may deposite its sediipent before it is drawn 
off. In cases where the line of the canal is crossed by a torrent, 
which brings down a large quantity of sand, pebbles, &c" it may 
be necessary to make a permanent structure over the canal, form- 
ing a channel for the torrent ； but if the discharge of the torrent 
is only periodical, a moveable ch?nne.l may be arranged, for the 
same purpose, by constructing a boat with a deck and sides to 
form the water-way of the torrent The boat is kept in a recess 
in the cahal near the point where it is used, and is floated to ita 
position, and sunk when wanted. 

728. A<pxeducts^ ^c. When the line of the canal is intersect* 
ed by a wide water-course, the communication between the two 
shores must be effected either by a canal aqueduct bridge, or by 
the boats descending from the canal into the stream. As th<* 
construction of aqueduct bridges has already been considered 
nothing farther on this point need here be ^ded. The expe 
ilient of crossing the stream by the boats may be ？ trended h W 
many grave inconveniences in water courses UaW- ftoi\l* 
or to considerable variations of ？ evel at different »^'^on*«, !• 
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these cases locks must be so arranged on each aide, where \ht 
canal enters the stream, that boats may pass from the one to tha 
other under all circumstances of difference of level between the 
two. The locks and the portions of the canal which join the 
stream must be secured against damage from freshets by 8uita« 
ble embankments ； and, when the summer water of the stream 
is 80 low that the navigation would be impeded, a dam across 
the stream will be requisite to secure an adequate depth of water 
during this epoch. 

729. Canal Bridges. Bridges for roads over a canal, termed 
canal-bridges, are constructed like other structures of the same 
kind. In planning them the engineer should endeavor to give 
sufficient height to the bridge to prevent those accidents, of but 
too firequent occurrence, from persons standing upright on the 
deck 01 the passage-boat while passing under a bridge. 

730. Wctste-Wier. Waste- wiers must be made along the 
levels to let off the surplus water. The best position for them 
is at points where they can discharge into natural water courses. 
The best arrangement for a waste-wier Is to make a cut through 
the side of the canal to a level with the bottom of it, so that, in 
case of necessity, the waste-wier may also serve for draining the 
level. The sides and bottom of the cut must be faced with ma- 
soDry, and have grooves left in them to receive stop-plank, or a 
sliding gate, over which the surplus water is allowed to flow, 
under the usual circumstances, but which can be removed, if it 
be found necessary, either to let off a larger amount of water, or 
to drain the level completely. 

731. Temporary Dams. In long levels an accident happen- 
ing at any one point might cause serious injury to the navigation, 
besides a great loss of water. To prevent tliis, in some meas- 
ure, the width of the canal may be diminished, at several points 
of a long level, to the width of a lock, and the sides, at these 
points, may be faced with masonry, arranged with grooves and 
stop-planks, to form a temporary dam for shutting off the water 
on either side. 

732. Tide, or Guard Lock. The point at which a canal en* 
ters a river requires to be selected with judgment. Generally 
,speakiLg, a bar will be found in the principal water course a" 
or below, the points where it receives its amuents. When the 
canal, therefore, follows the valley of an affluent, its outlet 
should be placed below the bar, tu render its navigation perma 
cently secure from obstruction. A large basin is usually lorined 
at the outlet, for the convenience of commerce ； and the entrance 
from this basin to the canal, or from the river to the basin, is ef- 
fected by means of a lock with double gates, so arranged that a 
boat can be passed either way, according as the level in the ont 



CANALS 



» Uglier or lower than that in the other. A lock so arranged it 
termed a tide! or guard lodk, from its uses. The position of 
the tail of this lock is not indifferent in all cases where it forms 
the outlet to the river ； for were the tail placed up stream, it 
^irould be more difficult to pass in or out, than if it were dowr. 
stream. 

733. The general dimensions of canals and their locks in this 
country and in Europe, with occasional exceptions, do not differ 
in any considerable degree. 

English Canals. Two classes of canals are to be met with in 
England, differing materially in their dimensions. The following 
are the usual dimensions of the cross section of the largest size, 
and those of their locks : 一 

Width of section at the water level, from 36 to 40 feet. 



Width at bottom, .... 24 " 

Depth, 5 " 

Length of lock between mitre-siUs, 75 to 85 " 

Width of chamber, . . . . 15 " 



The Caledonian canal, in Scotland, which connects Loch-£il 
on the Western sea with Murray Firth on the Eastern, is re- 
markable for its size, which will admit of the passage of frigates 
of the second class. The following are the principal dimeasions 
of the cross section of the canal ana its locks : 一 



Width of canal at the water level, . 110 feet. 

Width at bottom, .... 50 " 

Depth of water, .... 20 " 

Width of berm, . . . . . 6 " 

Length of lock between mitre-sills, • 180 " 

Width of chamber at top, • • • 40 '* 

Lift of lock, ,8 " 



The side walls of the locks are built with a curved batter , 
they are of the uniform thickness of 6 feet, and are strengthened 
by counterforts, placed about 15 feet apart, which are 4 feet wide 
and of the same thickness. The bottom of the chamber is form 
ed with an inverted arch. 

French Canals, In France the following uniform system hat 
been established for the dimensions of canals and their lockA '一 - 

Width of canal at water level, . . 52 feetl 
Width at bottom, • . • . 83 to 36 " 

Depth of water, 6 " 

Length of lock between mitre-sills, • 115 " 
Width of lock 17 " 

The boats adapted to these dimensions are from 105 to 108 
bel longi 16| feet across the beam, and haTe a draught of 4 f«ct 
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The English and French canals usually have but oue tow-patk 
which is from 9 to 12 feet wide, and about 2 feet above the >ra, 
ter level. The side of the tow-path embankment next to the 
water-way is usualiy faced either with dry stoue, masonry, m 
planks retained by snort piles. • 

Canals of the United States and Canada. The original di 
mensions of the New- York Erie canal and its locks, have been 
generally adopted for similar works subsequently constructed in 
most of the other states. The dimensions of this canal and ht 
locks are as follows : 一 

Width of canal at top, 40 feet. 

Width at bottom, .... 28 " 

Depth of water, 4 " 

Width of tow-path, . . , . 9 to 12 " 
Length of locks between mitre-sills, . • 90 " 
Width of locks, . . . . 15 " 

For the enlargement of the Erie canal, the following dimeo* 
sions have been adopted : "~ " 

Width of canal at top, . . . . 7 

Width at bottom, .... 4 
Depth of water, • 

Width of tow-path, .... 1 

Length of locks between mitre-sQls, . 11 

Width of lock at top, ... 1 

Width of lock at bottom, 1 

Lift of locks, 

Between the double locks a culvert is placed, which allows 
the water to flow from the level above the lock to the one below, 
when there is a surplus of water in the former. 

A well, or pit, is left between the lift-wall of the lock and tbe 
cross wall which retains the earth at the head of the lock to the 
level of the bottom of the canal. This pit, receiving the deposite 
of sand and cravel brought down by the current, prevents it from 
obstructing the, play of Uie gates. 

On the Chesapeake and Ohio canal, the cross section of the 
canal below Harper's Ferry has received the following dimea-> 
sions : 一 

Width of canal at top, 60 feet. 

Width at bottom, . . , . 42 

Depth of water, 6 

Length of locks between mitre-sills, • 90 
Width of locks, 15 

The following dimensions have been adopted on the JamM 
river canal, in Virginia : 一 
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Width of canal at top, • • • • 50 feet. 

Width at bottom, • 30 " 

Depth of water, 6 " 

Length of locks, . 100 " 

Width of locks, 15 " 



The Rideau canal, which connects Lake Ontaiio with tlie 
River Ottawa, is arranged for steam navigation. A considerable 
portion of this line consists of slack-water navigation, formed by 
connectrng the natural water-courses between the outlets of the 
canal. The length of the locks on this canal is 184 feet between 
the mitre-silUy and their width 33 feet. 

The Welland canal, between lakes Erie and Ontario"a8 origin- 
ally constructed, received the following dimensions : 一 



Width of canal at top, 56 feet. 

Width at bottom, . 24 " 

Depth of water, 8 " 

Length of locks betwen mitre-sills, • 110" 

Width of locks, 22 " 



The canals and locks made to avoid the dangerous rapids of 
the St. Lawrence are in all respects among the largest in the 
world. The following are the dimensions of the portion of the^ 
canal and the locks between Long Sault and Cornwall : 一 



Width of canal at top, . . . 132 feet. 

Width at bottom, . 100 " 

Depth of water, 8 " 

Width of tow-path, . . . , 12 ** 

Length df locks between mitre-sills, • 200 " 

Widih of locks at top, • • • 56.6 " 

Width of locks at bottom, ... 43 " 



A berm of -6 feet is left on each side between tjie water way 
and the foot of the interior slope of the tow-path. The height 
of the tow-path is 6 feet above the berm. By increasing the 
depth of water in the canal to 10 feet, the water line at top can 
be increased to 150 feet. 
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RIVERS. - 

734. N itural features of Rivers. All rivers present the sauM 
natural features and phenomena, which are more or less strongly 
marked and diversified by the character of the region through 
which they flow. Taking their rise in the highlands, and gradu- 
ally descending thence to some lake, or sea, their beds are mod- 
ified by t]ie nature of the soil of the vaHeys in which they lie, 
and the velocities of their currents are affected by the same 
causes. Near their sources' their beds are usually rocky, irregular, 
narrow, and steep, and their currents are rapid. Approaching 
their outlets, the beds become wider and more regular, the de- 
clivity less, and the current more gentle and uniform. In the 
upper portions of the beds, their direction is more direct, and the 
obstructions met with are usually of a permanent character, aris- 
ing from the inequalities of the bottom. In the lower portions, 
the beds assume a more tortuous course, winding through their 
valleys, and forming those abrupt bends, termed elbows, which 
seem subject to no fixed laws ； and here are found those ob- 
structions, of a more changeable character, termed bars, which 
are caused by deposites in the bed, arising from the wear of the 
banks by the current. 

736. The relations which are found to exist between the cross 
section of a river, its longitudinal slope,' the nature of its bed, 
and its volume of water, are termed the regimen of the river. 
When these relations remain permanently invariable, or change 
insensibly with time, the river is said to have a fixed regimen. 

736. Most rivers acquire in time a fixed regimen, although 
periodically, and sometimes accidentally, subject to changes 
from freshets caused by the melting of snow, and heavy falls of 
rain. These variations in the volume of water thrown into the 
bed, cause corresponding changes in the velocity of the current, 
and in the form and dimensions of the bed. These changes wiK 
depend on the character of the soil, and the width of the valley. 
In narrow'valleys, where the banks do not readily yield to the 
action of the current, the effects of any variation of velocity will 
only be temporarily to deepen the bed. In wide valleys, where 
the soil of the banks is more easily worn by the current than tlie 
bottom, any increase in the volume of water will widen the bed ； 
and if one bank yields more than the other, an elbow will be 
formed, and the position of the bed will be gradually shifted 
wardb the concave side of the elbow 
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737. The formation of elbows occasions also Tariations in tho 
iepth and Tclocily of the water. The ^atest depth is found 
at the concave side. At the straight portions which connect two 
elbows, the depth is found to decrease, and the velocity of the 
current to increase* The bottom of the bed thus presents a se« 
riea of undulations, fonning shallows and deep pools, with rapid 
ind gentle currents. 

738. Bars are formed at those points, where from any cause 
the velocity of the current receives a sudden check. The 
particles suspended in the water, or borne along over the bottom 
of the bed by the curreDt, are deposited at these points, and con- 
tinue to accumulate, until, by the gradual filling of the bed, the 
water acquires sufficient velocity to bear farther on the particles 
that reach the bar, when the river at this point acquires and re- 
tains a fixed regimen, until disturbed by some new cause. 

739. The points at which these changes of velocity usually 
take place, and near which bars are found, are at the junction of 
a river with its affluents, at those points where the bed of the river 
receives a considerable increase in width, at the straight portions 
of the bed between elbows, and at the outlet of the river to the 
sea. The character of the bars will depend upon that of the soL 
of the banks, and the velocity of the current. Generally speak- 
ing, the bars in the upper portions of the bed will be composed 
of particles which are larger than those by whi^h thev are formed 
lower down. These accumulations at the mouths of large rivers 
form in time extensive shallows, and great obstructions to tho 
discharge of the water during the seasons of freshets. The river 
then, not finding a sufficient outlet by the ordinary channel, ex- 
cavates for itself others through the most yielding parts of the 
deposites. In this manner are lormed those features which char- 
acterize the outlets pf many large rivers, and which are termed 
deltOj after the name given to the peculiar shape of the outlets 
of the Nile. 

740. River Improvements. There is no subject that falls with- 
in the province of the engineer's art, that presents greater diffi- 
culties and more uncertain issues than the improvement of rivers. 
Ever subject to important changes in their regimen, as the re- 
gions by which they are fed are cleared of tneir forests and 
brought under ciiltivation, one century sees them deep, flowing 
with an equable current, and liable only to a gradual increase in 
rolume during the seasons of freshets ； while the next finds their 
beds a prey to sudden and great fresheU, which leave them, after 
their violent passage, obstructed by ever shifting bars and elbows. 
Besides these revolutions brought about in the course of years, 
every obstruction temporarily placed in the way of the current 
•veiy attempt \o guara one point from iu action by my artificial 
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means, inevi:ably produces some coi responding change at anodier^ 
winch can sMdom be foreseen, and for which the remedy applied 
may prove bat a new cause of harm. Thus, a bar removed from 
one point is found gradually to form lower down ； one bank pro- 
tected from the current's force transfers its action to the opposite 
one, on any increase of volume from freshets, widening the bed, 
and frequently giving a new direction to the channel. Owing to 
these ever varying causes of change, the best weighed plans of 
river impKoveraent sometimes result in complete failure. 

741. in forming a plan for a river improvement, the principal 
objects to be considered by the engineer, are, 1st, The means to 
be taken to protect the banks from the action of the current. 
Sd, Those to prevent inundationB of the surrounding countiy. 
3d, The removal of bars, elbows, and other natural obstructions 
to navigation. 4th, The means to be resorted to for obtaining a 



742. Means for protecting the banks. To protect the banks, 
either the velocity of the current m-shore mast be decreased so 
as to lessen its action on the soil ； or else a facing of some ma- 
terial sufficiently durable to resist its action must be employed. 
The former method may be used when the banks are low and 
have a gentle dcclivily. The simplest plan for this purpose con- 
sists either in planting 9uch shrubbery on the declivity as will 
thrive near water ； or by driving down short pickets and interla- 
cing them with twigs, forming a kind of wicker-work. These coiv 
structions break t^ie force of the current, and diminish its velocity 
near the shore, and thus cause the water to deposite its finer par* 
tides, which gradually fill out and stren^en the banks. If the 
banks are hiffh, and are subject to cave m from the action of the 
current on their base, they may be either cut down to a gentle 
declivi^, as in the last case ； or else they may receive a slope 
of nearly 46°, and be faced with dry stone, care being taken to 
secure the base by blocks of loose stone, or by a facing of brush 
and stone laid in alternate layers. 

743. Measures against inundations. At the points in tbe 
course of a river where inundations are to be apprehended, the 
water-way, if practicable, should be increased ； all obstructiona 
to the free discharge of the water below the point should be re- 
moved ； and dikes of earth, usually termed levees, should be 
raised on each side of the river. By increasing the water-way a 
temporary improvement only will be effected ； for, except in the 
season of freshets, the velocity of the current at this point will be 
BO much decreased as to form deposites, which, at some future 



tween levees; two methods have been tried : the one consisu k 
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learaff a water-wiy strictly necessary for ths dischaiffe of fiesh- 
ctB ； the other in giving the stream a wide bed. The ro in Italy 
tnd the Mississippi present examples of the *ormer method ； the 
effect of whicii in both cases has been to laise the bed of the 
atream so much that in many parts the water is habitually above 、 
the natural surface of the country, leaving it exposed to serious 
rnimdatioDS should the levies give way. The other method 
Aas been tried on the Loire in France, and observation has 

! sieved that the general level of the bed has not sensibly risen 
or a long series of years ； but it has been found that the bars, 
which are formed alter each freshet, are shifted constantly by 
ihe next, so that when the waters have subsided to their ordinary 
state, the navigation is extremely intricate from this cause. Other 
means have been tried, such as opening new channels at the ex- 
ed points, or building dams above tbem to keep the water 
k ； but they have all been found to afford only a temporary 
relief. 

744. Elbows. The constant wear of the bank, and shifting 
of the channel towards the concave side of elbows, have led to 
Tarious plans for removing the inconveniences which they pre- 
sent to nayigation. The method which has been most generally 
tried for this purpose consists in building out dikes, termed u;|il^- 
damsy from toe concave side into the stream, placing them either 
at right angles to the thread of the current, or obliquely down 
ttrwny so as to deflect the current towards the opposite shore 



a 




fig. 174— ReprenentB a section of the timber wing-duns on the Po, formed of plank noiierf 
on the inclined pieces of the rilw. ， ^ 

0* and be, inclined faces of the dam, the Ant making an angle of «3», and the aooomi 
of §3"^ With the horizon. 

d aad e, pieces of the rib. 

f Md gt botiiontal pieoet fwimiwtfaig the ribi. 
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Wing-3ains are usually constructed either of blocks of ttone 
()f crib-work formed of heavy timbers filled in with broken stone 
or of alternate layers of gravel and fascines. Within a few yean 
back, wing-dams, consisting simply of a series of vertical frames^ 
or ribs, (Fig. 174》 strongly connected together, and covered on 
the up-stream side by thick plank, whicfi present a broken in- 
clinea plane to the current, the lower part )f which is less steep 
than the upper, have been used upon the Po, with, it is stated 
complete success, for arresting the wear of a bank by the cur- 
rent. These dams are placed at some distance above the point 
to be protected, and their plan is slightly conrex on the up-stream 
side. 

Wing-dams of the ordinary form and construction are now 
regarded, from the experience of a long series of years on the 
Rhine, and some other rivejQS in Europe, as little serviceable, if 
not positively hurtful, as a river improvement, and the abandon- 
ment of their use has been strongly urged by engineers in France. 

The action of the current against die side of the dam causes 
whirls and counter-currents, which are found to undermine the 
base of the dain, and the bank adjacent to it. Shallows and bars 
are formed in the bed of the stream,- near the dam, by the debris 
borne along by the current after it passes the dam, giving very 
frequently a more tortuous course to the channel than it had na- 
turally assumed in the elbow. The best method yet found of 
arresting the progress of an elbow is to protect the concave bank 
by a facing of stone, formed by throwing in loose blocks of 
stone along the foot of the bank, and giving them the slope they 
naturally assume when thus thrown in. 

745. Elbows upon most rivers finally reach that state of de- 
velopment in which the wear upon the concave side, from the 
action of the current, will be entirely suspended, and the regi- 
men of the river at these points will remain stable. This state 
will depend upon the nature of the soil of the banks and bed, 
and the character of the freshets. From observations made upon 
the Rhine, it is stated that elbows, with a radius of curvature of 
nearly 3000 yards, preserve a fixed regimen ； and that the banks 
of those which have a radius of about 1500 yards are seldom 
injured if properly faced. 

746. Attempts have, in some cases, been made to shorten and 
straighten the course of a river, by cutting across the tongue of 
land that forms the convex bank of the elbow, and turning the 
water into a new channel. It has generally been found that the 
stream in time forms for itself a new bed of nearly the same char 
acter as it originally had 

747. Bars. To obtain a sufficient depth of water oyer bars, 
the deposite must either be scooped up by machineiy, and bt 
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conveyed away, or be removed by giving an increased velocity 
to the current. When the latter plan is preferred, an artificial 
channel is formed, by contracting the natural way, confining it 
between two low dikes, which should rise only a little above the 
ordinary level of low water, so that a sufficient outlet maybe left 
for the water during the season of freshets, by allowing it to flow 
over the dams. 

If the river separates into several channels at the bar, dams 
shouid be built across all except the main channel, so that by 
throwing the whole of the water into it the effects of the current 
may be greater upon the bed. 

The longitudinal dikes, between which the main channel is 
confined, should be placed as nearly as practicable in the direc 
tion which the channel has naturally assumed. If it be deemed 
advisable to change the position of the channel, it should be shift- 
ed to that side of the bed which will yield most readily to the 
action of the current. 

748. In situations where large reservoirs can be formed near 
the bar, the water from them may be used for removing it. Foi 
this purpose an outlet is made from the reservoir, in the direction 
of the bar, which is- closed by a gate that turns upon a vertical 
axis, and is so arranged that it can be suddenly thrown open to 
let off the water. The chase of water formed in this way sweep- 
ing over the bar will prevent the accumulation of deposites upon 
iU This plan is frequently resorted to in Europe for the removal 
of deposites that accumulate at the mouth of harbors in those lo- 
calities where, from the height to which the tide rises,, a great 
head of water can be obtained in the reservoirs. 

749. In the improvement of the mouths of rivers which empty 
into the sea through several channels, no obstruction should be 
placed to the free ingress of the tides through all the channels, 
rf the main channel is subject to obstiuctions from deposites, 
dams should be built across the secondary channels, which may 
be so arranged with cuts through them closed by gates, that the 
flood-tide will meet with no obstruction from the gates, while the 
ebb-tide, causing the gates to close, will be forced to recede 
through the main channel, which, in this way, will be daily 
scoured, and freed from deposites by the ebb current. The same 
object may be effected by building dams without inlets across 
the secondary channels, giving them such a height that at a cer- 
tain stage of the ilood-tide, the water will flow over them, and 
fill the channels above the dams. The portion of water thus 
dammed in will be forced through the main channel at the ebb. 

750. When the bed is obstructed by rocks, it may be deepened 
blasting the rocks, and removing the fragments with the 

'fiftance oi the diying-bell, and other machinery. 
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751. In some of our nvern^ obstructions of a very dangem 爆 
chaiacter to boats are met with, in the trunks of large treei 
which are imbedded in the bottom at one end, while the other is 
near the surface ； they are termed snags and sawyers by the 
boatmen. These obstructions have been very successfuliy re 
moved, within late years, by means of machinery, and by pro- 
pelling two heavy boats, moved by steam, which are connected 
cy a ctrong beam across their bows, so that the beam will strike 
the snag, and either break it off near the bottom, or uproot it 
Other obstructions, termed rafts, formed by the accumulation of 
drift wood at points of a river's course, are also found in somr 
of our western rivers. These are also in process of removal, bj 
cutting through them by various means which have been found 
successful. 

752. Slack-Water Navigation. When the general depth of 
water in a river is insufficient for the draught of boats of the 
most suitable size for the trade on it, an improvement^ termed 
slach^ater, or lock and dam navigation^ is resorted to. This 
consists in dividing the course into several suitable ponds, by 
forming dams to keep the water in the pond at a constant head ； 
and by passing from one pond to another by locks at the ends of 
the ckims. 

763. The position of the dams, and the number requisite, will 
depend upon the locality. In streams subject to heavy freshets, 
it will ffenerally be advisable to place tlie dams at the widest 
parts of the bed, to obtain the ffreatest outlet for the water over 
the dam.. The dams may be built either in a straight line be- 
tween the banks and peipendicular to the thread of the cuirent, 
or they may be in a straight line oblique to the current, or their 
plan may be convex, the convex surface being up stream, or it 
may be a broken line presenting an ansle up stream. The three 
last forms offer a greater outlet than tne first to the water that 
flows over the dam, but are more liable to caufle injury to the 
bed below the stream, from the oblique direction which the cur* 
rentmjy receive, arising from the form of the dam at top. 

751. The cross section of a dam is usually trapezoidal, the 
face up-stream being inclined, and the one down-stream either 
nrerlicd or inclined. When the down stream face is irertical, the 
velocity of the water which flows over the dam is destroyed by 
ithe shock against the water of the pond below the dam, but 
whirls are formed which are more destructive to the bed than 
would be the action of the current upon it along the inclined face 
of a dam. In all cases the sides ana bed of the stream, for some 
distance below the dam, should be protected from the action of 
tlie current by a facing of dry stone, timber, or any other oott* 
馨 Iruction of sufficient durability for the object in yiew. 
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755. Tlic dams should receive a sufficient height only to 
maintain the requisite depth of water in the ponds for the pui 

of navigation. Any material at hand, offering sufficient 
durability against the action of the water, may be resorted to in 
their construction. Dams of alternate layers of brush and gravel, 
ivith a facing of plank, fascines, or dry stone, answer very well 
in gentle currents. If the dam is exposed to heavy freshets, to 
shocks of ice, and other heavy floating bodies, as drift-wood, it 
would be more prudent to form it of dry stone entirely, or of 
crib-work filled with stone ； or, if the last material cannot be ob- 
tained, of a solid crib-work alone. If the dam is to be made 
water-tight, sand and gravel in sufficient quantity may be thrown 
in against it in the upper pond. The points where the datn joins 
the banks, which are termed the roots of the dam, require par- 
ticular attention to prevent the water from filtering around them. 
The ordinary precaution for this is to build the dam some dis 
tance back into the banks. 

756. The safest means of communication between the ponds 
is by an ordinary lock. It should be placed at one extremity of 
the dam, an excavation in the bank being made for it, to secure 
it from damage by floating bodies brought down by the current. 
The sides of the lock and a portion of the dam near it should be 
aised sufficiently high to prevent them from being overflowed 
by the heaviest freshets. When the height to which the freshets 
rise is great, the leaves of the head gates should be formed of 
two parts, as a single leaf would/ from its size, be too unwieldy ； 
the lower portion being of a suitable height for the ordinary man 
oeuvres of the lock ； the upper, being used only during the fresh- 
ets, are so arranged that their botlom cross pieces shall rest, 
when the gates are closed, against the top of ihe lower portions. 
An arrangemeDt somewhat similar to this may be made for the 
tail gates, when the lifts of the locks are great, to avoid the diffi 
culty of manceuvring very high gates, by permanently closing 
the upper part of the entrance to Uie lock at the tail gates, either 
by a wall built between the side walls, or by a permanent frame- 
work, below which a sufficient height is left for the boats to pass. 

767. A common, but unsafe method of passing from one pond 
to another, is that which is termed flashing ； it consists of a 
sluice in the dam, which is opened and cl<5sed by means of a 
ffate revolving on a vertical axis, which is so arranged that it can 
be manceuvred with ease. One plan for this purpose is to divide 
the gate into two unequal parts by an axis, and to place a valve 
of such dimensions in the greater, that when opened the surface 
against which^ the water presses shall be less than that of the 
smaller part. The play oi the gate is thus rendered very simple ； 
when the valve is snuty the pressure of water on the larger sur* 
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face closes it against the sides of the sluice ； when the t^'tc i 霍 
opened, the gate swin^ round and takes a position in the dire:- 
lion of the current. Various other plans for iUshing, on similir 
principles, are to be met with. 

768. When the obstruction in a river cannot be overcome by 
any of the preceding means, as for example in those considerable 
descents in the bea known as rapids, where the water acquirer 
a velocity 90 great that a boat can neither ascend nor descend 
with safety, resort must be had to a canal for the purpose of 
uniting its navigable parts above and below the obstruction. 

The general direction of the canal will be parallel to the bed 
of the river. In some cases it may occupy a part of the bed by 
forming a dike in the bed parallel to the bank, and sufficiently far 
from it to give the requisite width to the canal. Whatever posi- 
tion the canal mky occupy, every precaution should be takeo to 
secure it from damage by freshets. 

769. A lock will usually be necessary at each extremity of the 
canal where it joins the river. The positions for the extreme locks 
should be carefully chosen, so that the boats can at all times en- 
ter ihem with ease and safety. The locks should be secured by 
guard gates and other suitable means from freshets ； and if they 
are liable to be obstructed by deposites, arrangements should be 
made for their removal either by a chase of water, or by ma- 
chinery. 

If the river should not present a sufficient depth of water at 
all seasons for entering the canal from it, a dam will be required 
at some point near the lock to obtain the depth requisite. 

•It may be advisable in some cases, instead of placing the ex- 
treme locks at the outlets of the canal to the river, to form a ca- 
pacious basin at each extremity pf the canal between the lock 
and river, where the boats can lie in safety. The outlets from 
the basins to the rivera may either be left open at all times, or 
else guard gates may be placed at them to shut off the watet 
during freshets. 



•8AC0A8T IMPROVEMENTS 



^(9 



SEACOAST IMPROVEMENTS. 



760. The following subdivisions may be made of the work> 
belonging to this class of improvements. 1st. Artificial Road- 
steads. 2d. The works reauired for natural and artificial Har- 
bors. 3d. The works for tne protection of the seacoast against 
the action of the sea. 

761. Before adopting any definitive plan for the improvement 
of the seacoast at any point, the action of the tides, currents, and 



762. The theory of tides is well understood ； their rise and 
duration, caused by the attraction of the sun and moon, are also de- 
pendent on the strength and direction of the wind, and the confor- 
mation of the shore. Along our own seaboyd, the highest tides 
vary greatly between the most southern and northern parts. At 
Eastport, Me., the highest tides, when not affected by the wind, 
Tary between twenty-five and thirty feet above the ordinary low 
water. At Boston they rise from eleven to twelve feet above 
the same point, under similar circumstances ； and from New- 
York, following the line of the seaboard to Florida, they seldom 
rise above five feet. 、 

763. Currents are principally caused by the tides, assisted, in 
some cases, by the wind. The theory of their action is simple. 
From the main current, which sweeps along the coast, secondary 
currents proceed into the bays, or indentations, in a line more or 
less direct, until they strike some point of the shore, from which 
they are deflected, and frequently separate into several others, 
the main branch following the general direction which it had 
when it struck the shore, and the others not unfrequently taking 
ui opposite direction, forming what are termed counter currents^ 
and, at points where the opposite currents meet, that rotary mo- 
tion of the water known as whirlpools. The action of currenta 
on the coast is to wear it away at those points against which 
they directly impinge, and to transport the debris to other points, 
thus forming, and sometimes removing, natural obstructions to 
navigation. These continual changes, caused by currents, make 
it extremely difficult to foresee their effects, and to foretell the 
consequences which will arise from any change in the directioni 
or the intensity of a current, occasioned by artificial obstacles. 

764. A good theory of waves, which shall satisfactorily ex- 
plain all their phenomena, is still a desideratum in science. It 
u known that they are produced by vindB acting on the surfiice 
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of the sea ； but how far this action extends below the surfiice 
and what are its effects at various depths, are questions that ie» 
main to be answered. The most commonly receiv^ theory is^ 
that a wave is a simple oscillation of the water, in which each 
partide rises and falls, in a vertical line, a certain distance during 
each oscillation, without receiving any motion of translation in a 
horizontal direction. It has been objected to this theoiy that it 
fedls to explain many phenomena ooserved in coniiection with 

In a recent French work on this subject, its author, Colonel 
Emy, an engineer of high standing, combats the received theory > 
and contends that the particles of water receive also a motion 
of translation horizontally, which, with that of ascension, causes 
the particles to assume an orbicular motion, each particle de* 
scribing an orbit, which he supposes to be elliptical. He farther 
contends, that in this manner the particles at the surface com- 
municate their motion to those just odow them, and these affain 
to the next, and so on downward, the intensity decreasing £rom 
the surface, without however becoming insensible at even very 
considerable depths ； and that, in this way, owing to the reaction 
from the bottom, an immense volume of water is propelled along 
the bottom itself, with a motion of translation so powerful as to 
overthrow obstacles of the greatest strength if directly opposed 
to it. From this he argues that walls built to resist the shock of 
the waves should receive a very great batir at the base, and that 
this batir should be gradually decreased upward, until, towards 
the top, the wall should project over, thus presenting a concave 
surface at top to throw the water back. By adopting this form, 
be contends that the mass of water, which is rolled forward, as 
it were, on the bottom, when it strikes the face of the wall, will 
ascend along it, and thus gradually lose its momentum. These 
views of Colonel Emy have been attacked by other engineers, 
who have had opportunities to obsenre the same phenomena, on 
the ground that they are not supported by facts ； and the question 
still remains undecided. It is certain, from experiments made 
by the author quoted upon walls of the form here described, thai 
they seem to answer fully their intended purpose. 

766. Roadsteads. The term roadstead is applied to an in- 
dentation of the coast, where yessels may ride securely at an* 
chor under all circumstances of weather. If the indentation is 
covered by natural projections of the land, or capes, from the 
action of tne winds and waves, it is said to be land-locked ； in 
the contrary case, it is termed an open roadstead. 

The anchorage of open roadsteads is often insecure, owing to 
fiolent winds Betting into them from the sea, and occaaioniog 
high waves, which are very straining to the mooringii. The 
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remedy applied in this case is to place an ' obstruction, near the 
entrance ol the roadstead, to break die force of the waves froir 
the sea. These obstructionB, termed breakwaters, are artificial 
islands of greater or less extent, and of variable form, according 
to the nature of the case, made by throwing -heayy blocks oi 
•tone into the sea, and allowing them to take their own bed. 

The first great work of this kind undertaken in modern times, 
was the one at Cherbourg in France, to cover the roadstead in 
front of that town. After some trials to break the effects of the 
waves on the roadstead by placing large conical shaped struc- 
tures of timber filled with stones across it, wh;ch resulted in 
failure, as these vessels were completely destroyed by subsequent 
storms, the plan was adopted of forming a breakwater by throw- 
ing in loose olocks of stone, and allowing the mass to assume the 
form produced by the action of the waves upon its surface. The 
subsequent experience of many years, during which this work 
has been exposed to the most violent tempests, has shown that 
the action ot the sea on the exposed surface is not very sensible 
at this locality at a depth of about 20 feet below the water level 
of the lowest tides, as the blocks of stone forming this part 
of the breakwater, some* of which do not average over 40 lbs. 
in weight, have not been displaced from the slope the mass 
first assumed, which was somewhat less than one peipendicular 
to one base. From this point upwards, and partioularly between 
the levels of high and low water, the action of the waves has 
been very powerful at times, during violent gales, displacing 
blocks ot several tons weight, throwing them over the top of the 
breakwater upon the slope towards the shore. Wherever this 
part of the surface has been exposed the blocks of stone have 
oeen gradually worn down by the action of the waves, and the 
Aope has become less and less steep, from year to year, until 
finally the surface assumed a slightly concave slope, which, at 
some points, was as great as ten base to one perpendicular. 

The experience acquired at this work has conclusively shown 
that breakwaters, formed of the heaviest blocks of k)08e stone, 
are always liable to damage in heavy ffales when the sea breaks 
over them, and that the only means of securing them is by cot 
ering the exposed surface with a facing of heavy blocks ot ham 
mered stone carefully set in hydraulic cement. 

As the Cherbourg breakwater is intended also as a military 
construction, for the protection of the roadstead against an ene- 
my's fleet, the cross section shown in (Fig. 176) has been adopt* 
ed for it. Profiting by the experience of many years' observation^ 
•t was decided to construct the work that forms the cannon battery 
of solid masonry laid on a thick and broad bed of beton. The 
top iur&ce of the breakwater is covered with heavy loose blockf 
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ot wind and tide. Such a position should, moreover, be cbcmen 
Uiat there will be no liability to obstructions being formed ivithkn 
'he roadstead, or at any of its dutlets, from the change in the 
current which may be made by the breakwater. 

76 The diftculty of obtaining very heavy blocks of stone, 
oC well as their great cost, has led to the suggestion of substitu 
ting for them blocks of artificial stone, formed of concrete, which 
can be made of any shape and size desirable. This plan has 
been tried with success in several instances, particularly in a 
jetty or mole, at Algiers, constructed by the French government 
The betOQ for a portion of this work was placed in Targe boxes, 
the sides of which were of wood, shaped at bottom to correspond 
to the irregularities of the bottom on which the beton was to be 
spread. The bottom of the box was made of strong canvass tar 
red. These boxes were first sunk in the position for which they 
were constructed, and then filled with the beton. 

767. Harbors. The term harbor is applied to a secure an- 
chorage of a more limited capacity than a roadstead, and there- 
fore offering a safer refuge during boisterous weather. Harbors 
are either natural, or artificial. 

768. An artificial harbor is usually formed by enclosing a 
space on the coast between two arms, or dikes of stone, or of 
wood, termed jetties, which project into the sea from the shore, 
in such & way as to cover the harbor from the action of the wind 
and waves. 

769. The plan of each jetty is curved, and the space enclosed 
by the two will depend on the Dumber of vessels which it may 
be supposed will be in the harbor at the same time. The dis- 
tance between the ends, or heads, of the jellies, which forms the 
mouth of the harbor, will also depend on local circumstances ； 
it should seldom be less than one hundred yards, and generally 
need not be more than five hundred. There are certain winds 
at every point of a coast which are more unfavorable than others 
to TesseU entering and quitting the harbor, and to the tranquil- 
lity of its water. One of the jetties should, on this account, be 
longer than the other, and be so placed that it will both break 
the force of the heaviest swells from the sea into the mouth 
♦he harbor, and facilitate the ingress and egress of vessels, by 
preventing them from being driven by the winds on the other 
jetty, just as they are entering or quitting the mouth. 

770. The cross section, and construction of a, stone jetty differ 
in nothing from those of a breakwater, except that the jetty is 
onially wider on top, thirty feet being allowed, as it seryet foi 
a wharf in unloading yessels. The head of the jetty is asually 
^nde circular, and considerably broader than the other parts, ai 
•t, in Mxne instances, receives a lighthouse, and a battery of Ga» - 
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STe a Cree passage and spread to the waves confined betweeo 
e jetties, for the purpose of forming smooth water in the chan 
oel. If the jetties are covered at their back with earth, the cleai 
ways receive the form of inclined planes. 

I'he foundation of the jetties requires particular care, espe« 
ctpJly when the channel between them is very narrow. Loose 
stone thrown around the piles is the ordinary construction used 
for this purpose ； and, if it be deemed necessary, the bottom of 
the entire channel may be protected by an apron of brush and 
loose stone. 

The top of the jetties is covered with a flooring of thick plank, 
which serves as a wharf. A strong hand railing should be 

S laced on each side of the flooring as a protection against acci- 
ents. The sides of jetties have been variously inclined ； the 
more usual inclination varies between three and four perpendicu- 
lar to one base. 

772. Jetties are sometimes built out to form a passage to a 
natural harbor, which is either very much exposed, or subject to 
bars at its mouth. By narrowing the passage to the harbor be- 
tween the jetties, great velocity is given to the current caused 
by the tide, and this alone will free the greater part of the chan- 
nel from deposites. But at the head of the jetties a bar will, in 
ilmost every case, be found to accumulate, from the current 
ilong shore, which ia broken by the jetties, and from the dimin- 
ished Telocity of the ebbing tides at this point. To remove these 
bars resort may be had, in localities where they are left nearly 
dry at low water, to reservoirs, and sluices, arranged with turn- 
ing gates, like those adyerted to for river improvements. The 
reservoirs are formed by excavating a large basin in-shore, at 
some suitable point from which the collected water can be di- 
rected, with its full force, on the bar. The basin will be filled 
at flood-tide, and when the ebb commences the sluice gates will 
be kept closed until dead low water, when they should all be 
opened at once to give a strong water chase. 

773. In harbors where vessels cannot be safely and conve- 
niently moored alongside of the quays, large basins, termed wet- 
docks, are formed, in which the water can be kept at a constant 
level. A wet-dock may be made either by an in-shore excavatioiiy 
or by enclosing a part of the harbor with strong water-tight walls ； 
the nnt is the more usual plan. The entrance to the basin may 
be by a simple sluice, closed by ordinary lock gates, or by meana 
of an ordinary lock. With the first method vessels can enter 
the basin only at high tide ； by the last they may be entered of 
passed out at any period of the tide. The outlet of the iock 
should be provided with a pair of guard gates, to be shut agauuf 
'cry high tides, or in cases of danger from Btonns. 
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774. The construction of the locks for basins diffm in noAkg 
in principle, from that pursued in canal locks. The ereatacl 
care, will necessarily be taken to form a strong mass free from 
danger of accidents. The gates of a basin-lock are made conrei 
towards the bead of water, to give them more strength to resist 
the great preesure upon them. They are hung and mancBUYied 
differently from ordinary lock gates ； the quoin-post is attached 
to the side walls in the usual way : but at the foot of the mitre* 
post an iron or brass roller is attached, which runs on an iron 
roller way, and thus supports that end of the leaf, relieving the 
collar of the quoiD-post from the strain that wQuld be otherwise 
thrown on it, besides giving the leaf an easy play.- Chains are 
attached to each mitre-post near the centre of preasure of the 
water, and the gate is opened, or closed, by means of windlasses 
to which the other ends of the chains are fastened. 

775. The Quays of wet-docks are usually built of masonry. 
Both brick and stone have been used ； the facing at least ahoold 
be of dressed stone. Large fender-beams may be attached to 
the face of the wall, to prevent it from being brought in contact 
with the sides of the vessels. The cio9s section of qoay-walls 
should be fixed on the same principles as that of other sustaining 
walls. It might be prudent to add buttresses to the back of the 
wal. to strengthen it a^nst the shocks of the vessels. 

776. Quay-walls with us are ordinarily made either by form- 
ing a facing of heavy round or square piles driven in juxtapositiiNBy 
which are connected by horizontal pieces, and secured nrom the 
pressure of the earth nlled in behind them by land-ties ； or, by 
placing the pieces horizontally upon each other, and securing 
them by iron bolts. Land-ties are used to counteract the pres- 
sure of the earth or rubbish which is thrown in behind them to 
form the surface of the quay. Another mode of construction, 
which is found to be strong and durable, is in use in our EasteiD 
seaports. It consists in making a kind of crib-work of laise 
blocks of granite, and filling in with earth and stone rubbisn. 
The bottom course of the crib mhy be laid on die bed of the 
river, if it is firm and horizontal ； in die contrary case a strong 
erillage, termed a cradle, must be made, and be 8unk to receive 
Uie stone work. The top of the cradle should be horizontal, and 
the bottom should receive the same slope as that of the bed, in 
order that when the stones are laid they may settle horizontally. 

777. Dikes. To protect the lowlands bordering the ocean from 
inundations, dikes, constructed of ordizuury eartn, and faced to- 
wards the sea with some material which will resist the action of 
the current, are usually resorted to. 

The Dutch dikes, by means of which a large extent of country 
has been reclaimed and protected from the sea, are the moft n 
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maikable structires of this kind in existence. The cross section 
of those dikes is of a trapezoidal form, the width at top averaging 
from four to six feet, the interior slope being the same as the na- 
tural slope of the earth, and the exterior slope varying, according 
to drcumstances, between three and twelve base to one perpendic- 
ular. The top of the dike, for perfect safety, should be about 
six feet above the level of the highest spring tides, although, in 
many places, they are only two or three above this level. 

The earth for these dikes is taken from a ditch in-shore, be- 
tween which and the foot of the dike a space of about twenty 
feet is lefty which answers for a road. The exterior slope is va- 
riously faced, according to the means at hand, and the charactei 
of the current and waves at the point In some cases, a strong 
straw thatch is put on, and firmly secured by pickets, or other 
means ； in others, a layer of fascines is spread over the thatch, 
and is strongly picketed to it, the ends of the pickets being al- 
lowed to project out about eighteen inches, so that they can re- 
ceive a wicker-work formed by interlacing them wilh twigs ； 
the spaces between this wicker-work being filled with broken 
stone ； this forms a very durable and strong facing, which resists 
not only the action of the current, but» by its elasticity, the shocks 
of the heaviest waves. 

The foot of the exterior slope requires peculiar care for its 
protection ； the shore, for this purpose, is in some places cover 
ed wilh a thick apron of brush and gravel in alternate layers, to 
a distance of one hundred yards into the water from the foot of 
the slope. 

On some parts of the coast of France, where it has been found 
necessary to protect it from encroachments of the sea, a cross 
section Kas been given to the dikes towards the sea, of the same 
form as the one wmch the shore naturally takes from the action of 
the waves. The dikes in other respects are constructed and fkced 
after the manner which has been so long in practice in Holland. 

778. Groins, Constructions, termed groins, are used when- 
ever it becomes necessary to check the effect of the current 
alon^ the shore, and cause depositee to be formed. These are 
artificial ridges which rise a few feet only above the surface of 
the beach, and are built out in a direction either perpendicular 
to that of the shore, or oblique to it They are constructed ei- 
ther of day, which is well rammed and protected on the surface 
by a facing of fascines or stones ； or of Jayers of fascines ； or of 
one or two rows of short piles driven in juxtaposition ； or any 
^tiier means that the locality may furnish may be resorted to ； 
the object being to interpose an obstacle, which, breaking the 
force of the current, will occasion a deposite near it, and thuf 
gnuluaUy cause the shore to gain upon tne sea. 
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779. - Sechwalls, When the sea encroaches upon the lanl 
forming a steep bluff, the face of which is ^dually worn away, 
a wall of masonry is the only means that will afford a permanent 
protection against this action of the waves. Walls made for this 
object are termed sea^waUs. The face of a sea-wall should bo 
constructed of the most durable stone in large blocks. The 
backing may be of rubble or of bevOi. The wnole work shoiud 
be laid with hydraulic mortar. 
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NcU A to ArU, Framing and Bridget, 

Tubulmr Frames of Wrought Iran. ~ Except for the obvious application to 
•team boHera, sheet iron had not been considered as suitable for Btmctnroi 
demanding great strength, from its apparent deficiency in rigidity ； and 
ahhongh the principle of gaining Btrength by a proper distribution of tha 
nuiterial, and of giving any desirable rigidity by combinations adapted to the 
objeet in view, were at every moment acted upon, from the ever-increasing 
demands of the art> engiDeen seem not to have looked upon sheet iron u 
raited to such purposes, until an extraordinary ease occurred which seemed 
abonjt to baffle idl tho meant hitherto employed. The occaaion aroae when it 
became a question to throw a bridge of rigid material, for a railroad, across 
tiie Menai Straits; suspension ByBtems, from their flexibiiity, and some aetnal 
fid] ores, being, in the opinion of the ablest European eDgineen, unsuitable for 
this kind of communication. 

Robert Stephenson, who for some years back has held the highest rank 
among English engineen, appears, from undispated testimony, to have been 
the first to entertain the novel and bold idea of Bpanning the Strait by a tube 
of sheet iron, supported on piere, of Bufficient dimeDsiona for the passage 
whhin it of the usual trains of railroads. The preliminary experunenta for 
teating the practicability of this conception, and the working oat the details of 
its ezeoution, were left chiefly in the hiuida of Mr. William Fairbairn, to whom 
the profession owes many valuable papen and facts on profeiwional topics. 
This gentleman, who, to a thorough acquaintance with the mode of Modaoting 
•ueh ezperimenta, united great zeal and judgment, carried through the task 
eommitted to him ； proceeding step by step, until conviction so firm took the 
place of apprehension, that he rejeeted all sugrgeBtions for the use of any 
anxiliaiy means, and urged, from his crowning experiment, raUance upon th« 
tabe alone as equal to the end to be attained. 

Nnmeroiia experiments were made by him upon tubes of cirenliur, elUptieal, 
and reetangalar eross 8ectk>D. The object chiefly kept in view In them 
eiperiin«nt8 was, to determine the form of cross section which, when the tabt 
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vas submitted to a cross strain, would preaent an equality of resistance m the 
porta brought into compression and extension. It was shown, at an early 
•ta^ of the operations, tha( the ciroalar and elliptical forms were too weak ir 
hhe parts submitted to compression, but that the elliptical was the stronger of 
he two ； and that, whatever form might be adopted, extraordinary means would 
be reqniBite to preyent the parts submitted to oompreaaion from jielding, by 
" puckering " and doubling. To meet this last difficulty, the fortunate expedient 
was hit upon of making the part of the main tube, upon which the strain of 
eompression was brought, of a series of smaller tubes, or cells of a curved or 
a rectangular cross section. The latter form of section was adopted definitively 
for the main tube, as haying yielded the most Batis&ctoiy results as to resisU 
ance ； and also for the smaller tubes, or cells, as most easy of coDStroction and 
repair. 

Aa a detail of each of these experiments would occupy more space than can 
be given in this work, that alone of the tube which gave results that led to the 
forms and dimensions adopted for the tabular bridges subAequentlj constructed, 
will be given in this place. 

Model 2\ti«.— The total length of the tube was 78 ft The dirtanea, er 
bearing between the points of Bupport, on which it was placed to test ite 
strength, was 76 ft Total depth of the tube at the middle, 4 ft 6^ iiL Depth 
at each extremity, 4 ft. Breadth, 2 ft 8 in. 

The top of the tube was composed of a top and bottom plate, formed of 
pieces of sheet iron, abutting end to end, and connected by narrow strips 
riveted to them over the joints. These plates were 2 ft 11 蚤 iiL wide. They 
were 6 蚤 in. apart, and connected by two vertical side plates, and five interior 
divinon plates, with which they were strongly joined by aajfle irons, riveted 
to the division plates, and to the top and bottom plates where they joined. 
Each cell, between two division plates and the top and bottom plates, wm 
nearly 6 in. wide. The sides of the tube were made of plates of sheet iron 
similarly oonneeted ； their depth was 3 ft 61 in. A strip of angle iron, bent 
wo a curved shape, and running the bottom of eaeh end of the tube to the 
top just below the cellular part, was riveted to each side to give it Btiffheu. 
Besides this, precautions were finally tftken to stiffen the tube by diagonal 
braces within it The bottom of the tube was formed of theeta, abuttiog end 
to end, and seciured to each other like the top plates ； a continuous joiDt, 
ranning the entire length of the tube along the centre line of the bottom, wm 
secured by a continuous strip of iron on the under side, riveted to the platei 
on each aide of the joint. The entire width of the bottom was 3 ft 11 in. 

The sheet iron composing the top cellular portion was 0-147 in. thick ； thai 
of the sides 0*099 in. thick. The bottom of the tube at the final experimeote, 
to a oiitance of 20 ft on each side of the centre, was composed of two thiek- 
nesses of sheet iron, each 0*25 in. thick, the jotnts being Beeared by stript 
abdve and below them riveted to the sheets ； the remainder, to tiie end of Ihi 
tabe, was formed of sheets 0*1 66 in. thick. 

The total area of sheets compoaing the top eellalar poitkm was S4*0S4i]L. 
that of the bottom plates at the centre portion, 32*460 in. 
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The general dimeDslona of the tube were one sixth those ol the proposed 
structure. Its weight at the final experiment, 13,020 Iba. 

The experiaieiite, as already stated, were conducted with n view to obtain 
tn equality between the raaistances of the parts 'strained by compression and 
those extended; with this object, At the end of each experiment, the parte 
torn Monder at the bottom were replaced by additional pieces of increased 



The following table exhibits the results of the final experiments. 
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' The tube broke with the weight in the S6th Azpeiiment; the cellular t«p 
yielding by pockering at about 2 ft from the point where the weight wu 
applied. The bottom and aides remained uninjured. 
The oltimate defleotion was 4*89 in. 

Britannia Tubular Bridge. ~ Nothing further than a snccfaict description of 
this marvel of eng^ineering will be attempted here, and only with a view of 
showing the arrangement of the parts for the aUainment of the proposed end. 
Tt differs in its general struetore 々oin the model tabe» chiefly in having thi 
bottom formed like the top, of reotanfiilar celli» ind in Utf meana takan foi 
giving ftifiheas to the lidea. 
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The eellolai^p (Pig. 1) is divided into eight cells B» by diWdion plates 
eonnected with the top a, and bottom b, by angle irons o, riveted to the plates 
eonoeeted« The different sheets composing the plates a and b abut end U 
end lengthwise the tnbe ； and the joints are secured by the strips d and e% 
liTnted to the sheets by rivete that paas through the interior angle 
irona. 

The sheets of which thb portion is composed are each 6 ft long, and 
1 ft 9 iD. wide ； those at the centre of the tube are ijths of an ineh thick ； 
they decreftse in thickDeas towards the pien, where they are Stbs of an inch 
thick. The division plates are of the same thickness at the centre, and 
deereaae in the same manner towards the pien. The riveto aro 1 in. thick, 
and are placed 3 in. apArt from centre to centre. The cells are 1 ft 9 Id. b/ 
1 ft 9 Id^ 80 as to admit a man for painting and repairs. 

The cellular bottom is divided into Biz oellfi C, each of which is 2 ft 4 in. 
wide by 1 ft 9 in. in height To diminish, as fiir aa practicable, the number 
of joints, the sheets for the tides of the cells were made 12 ft long. To give 
•affident strength to lesist the great tensile strain, the top and bottom plates 
of Ihia part are composed of two thicknesses of sheet iron, the one layer 
breaking joint with the other. The joints over the division plates are aeeoied 
hf angle irons o, in the same manner as in the cellular top^ The joints 
between the sheets are ■eennd by sheets 3 ft 8 in. long placed over theodt 
whieh are fastened by rivets that pass through the triple thickness of sheets 
at these pointa. The riveta, for attaining greater •trength at these points, are 
in lines lengthwise of the cell. The sheets forming the top and bottom plates 
of the cells are j^ths of an inch at the centre of the tube* and decrease to j^tha 
at the ends. Th% diviaion plates are Sfia in the middle* and ！ fim at the ends 
of the tttbe. The rivets of the top and bottom plates are li in. in diameter. 



Fig. 2. 




FIff 9— RapmeBli a horisontal 
D、 eroM seetion near can tie of I 
£, eron mcUod bmt Um plan. 



A, exterior T inns, 
i latflfflflr T iioBfl. 



The sidea of the tube (Pig. 3} between the oellnlar top and bottom are 
formed of sheets ^, 2 ft wide ; the lengths of which are so arranged that 
toere are alteniately three and four plates In each pannel, the sheets of each 
nel abutting end to end, and forming a eontir aons veiiieal joint between 
adjacent pannels. These Tertical joints are secured by strips of iroi^ 
\ and of the T cross section, placed orer each side of the joint, and 
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clamping the sheets of the adjacent pannels between them. ' The 丁 iroiu 
within and without are firmly riveted together with 1 in. rivets, placed at 
3 in. between their centres. Over the joints, between the ends of the sheets 
in each pannel, pieces of sheet iron are placed on each side, and connected by 
rivetn. The sheets of the pannela at .the centre of the tube are j^ths of an 
inch thick ； they increase to Sths to within about 10 ft. of the piers, where 
their thiekness is a^n increased ； and the T irons are also increased in 
thickness, being composed of a strip of thick sheet iron, cUmped between 
•trips of angle iron which extend from the top to the bottom of the joints. 
The object of this increase of thickness, in the pannels and T irons at the 
piera, is to gire sufficient rigidity and strength to resist the cmshing strain al 
these points. 

The T iroiw on the interior are bent at top and bottom, and extended as 
far 88 the third cell from the aides at top, and to the edaeond at bottom. The 
projecting' rib of each in the angles is cbunped between two pieces, n, of sheet 
iron, to which it is Becared by rivets, to give greater stifihess at the angled of 
the tube. 

The arrangement of the ordinary T irons and sheets of the pumels is 
shown in cross Bection by D、 Fig. 2 ； and that of the like parts near the pien 
by jEJ, same Fig. 

For the purpose of fgcnng greater ttiffbess to the bottom, and to seeore 
fasteningB for the wooden cross sleepers that support the longitadinal beams 
on which the rails lie, cross plates of sheet iron, half an inch thick, and 10 in. 
in depth, are laid on the bottom of the tube, from side to side, at every fourth 
rib of the T iron, or 6 ft. apart These cross plates are setmred to the bottom 
by angle iron, and are riveted also to the T iron. 

The tube is firmly fixed to the central pier, but at the intermediate pien and 
the abutments it rests upon saddles supported on rollers and balls, to allow 
of the play from coYitraction and expansion by changes of temperature. 

The foHowmf tabular statements give the details of the dimeiuaons, weights' 
of the Britannia Bridge. 



of tabei for v^h IIm 



OraatMt iiMn of bav 

Haiffht of tabes at the mludle 



44 



interoiediate pien. 
ends 



»iB6 width of tabes 

Namber of rivets in one tube 

Oom|Niled wvight of tube 974ft. loop 



u 

M 
M 
« 



3 tnbM 974 
1 talM 473 ft long 
3 tabes 479 ft Inw. 
1 tube ovw piar long 



M 



M 



N 



Total wMit. 





PlatM 


Angle 
Iron. 




umm. 


tODS. 


87 






S3 






HI 






888)000 




109 
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96 
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S78B 


1910 



T 



Rlwt 
iron. 



70 
SIO 
139 
417 
10 
10 



ao 

180 
106 
3M 
7 



Out 

faPOB 



Total. 
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Formula for reducing ike Breaking Weight of Wrought Iron Tubes, 



Representiag by A, the total area in inches of the cross aeotioo of the metal. 
" the total depth in inches of the tube. 

1、 the length in inches between the points of support. 
* • C, a eoiwUnt to be determined by experiment 

W， the breaking weight in tons. 



Tiien the rdatkms between these elements, in tubes of cylSndrioal, eUiptfeal 
and raotangular ctom aeetion, will be e^qnesMd bj 



The mean value for C for oylindiioal tobesi dedaoed from several experi- 
mentB, was found to be 18'OS; that for elUptieal tabesi 16'8; and that 
rwtangular tubes, 21 •& * 
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Note B to Art RtadM. 



Pktrk'Roadi, ~ A road covering, consisting of thick boards, or pUnca^ 
resting on longitudinal beams, or Bleepera, and known as Plank-Roads^ hu, 
within the past few years, been introduced among us; and from its adaptation 
to oar uncleared forest diBtricts, its superior economy to the ordinary road 
eoveriogs in such localities, and its intrinue merits, as fulfilling the reqouiitac 
of A good road covering, is rapidly coming into eztenaiTe use throughout aU 
parts of our country. 



Fig A 






• «, boinl swfke«. 
"，廳 Uli. 



samiMr road* 
d side surfttee di^as. 

The method most generally adopted in constructing plank-roads eonaists in 
laying a flooring, or track, eight feet wide, composed of boards from mne to 
twelve inches in width, and three inches in thicknesis, which rest upon two 
pafallel rows of sleepers, or sills, laid lengthwise of the road, and having their 
eentre lines about four feet apart, or two feet from the axis of the read. SOI* 
•f yarious sized scantling have been used, but experience seems in &vor of 
scantling about twelve inches in width, four inches in thickness, and in lengtfat 
of not less than fifteen to twenty feet Sills of theae dimendons, laid flalwiae, 
and firmly embedded, present a firm and uniform beftring to the boards^ and 
distribute the preesnre they receive over bo great a surface, that, if the aofl 
•pon which they rest is compact and kept well drained* there can be but litdt 
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•sfttling and dilplaeement of the road surfree, from the mul loads pftntng 
over it The belter to secure this uniform distribution of the prearare, th« 
■ills of one row are so laid u to break joints with the other ； and to 
jvevent the •nda of the sills from yielding the onuu precaution is taken to 
place short ulls at the joints, either beneath the nudn sills, or on the Mmc 
level with them. 

The boards are 】aid perpendiealar to the axis of the road, experienee having 
Bhown that this position is m favorable to their wear and tear as any other, 
and is otherwise the most economicaL Their ends are not in An unbroken 
Sine, but so arranged that the ends of every tbree or four project alternatelyi 
on each side of the uis of the road, three or four inches beyond those next to 
them, for the purpose of preaentiDg a short shoulder to the wheels oi 
vehicles, to facilitate their eomiog upon the plank surface, when from any 
eaiue they may have tamed aside. On some roads the boarda have been 
spiked to the sills; bat this is, at preeent, regarded as UDnecessary, the 
■tability of the boards being best secured by well packing the earth between 
aad around the silla, so aa to present^ with them, a uniform bearing snrfoce to 
tile boards, and by adopting the qsqaI prmations for keeping the enbsoil well 
drained, and preveoting any aocnmalation of nin water on the fturfaee. 

The boards for plank-roads should be selected from timber free from the 
usual defects, Booh m knots, shakes, which would render it nnsoitabla 
for ordinary baildiiig purpoaes ； as durability is an eMential element in the 
economy of this class of straetureB. So far as experience has Airmshed data, 
boarda of three inches in thickness offer all the requisites of atrength and 
donbility that ean be obtained from timber in its ordinary state, in which it it 
used for plaDk-roads. 

Bemdes the wooden track of eight feet, an earthen track of twelve feet in 
width is made, which serves as a sammer road for light yehkles, and as a torn 
oat for loaded ones ； ibis, with the wooden track, gives a dear road surface of 
twenty feet, the least that can be well allowed for a frequented road. It it 
recommended to lay the wooden track on the right hand idde of the approach 
of a road to a town, or Tillage, for the proper convenience of the rani tnffioi 
M the heavy trade is to the town. The surface of this track reeeires a erois 
slope from the side towards the axis of the road outwards of 1 in 33. The 
snr&ee of the summer road reeeives a croM slope in the opposite direction of 
1 in 16. These slopes are given for the parpoae of facilitating a rapid BorfM 
drainage. The aide drains are placed for this purpose parallel to the axis ol 
Uie road, and connected with the road surface in a saitable slope. 

Where, from the character of the soil, good summer roads cannot be had, 
it will be Decenary to make wooden turn outs, from space to space, to 
prevent the inconveDience and delay of miry roads* This it is proposed to 
do bj laying, at these points, a wooden track of double width, to enable 
tahieles meeting to pass each other. It is recommended to lay these turn 
outs on four or five sills, to spring the boards sligfatlj at the centre, and spike 
their enda to the exterior mIIb. 

The angle of repose, b, wbieh the grade of pbmk-roads should be rego* 
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latod, hoa not yet been detennined by experiment; but as the wooden soiiaee 
is covered with a layer of dean and, fine gravel, or tan bark, before it ia 
thrown open to vehicleB, and as it in time becomes covered with a permanent 
stratum of dust, &e*, it is probable that this angle will not materially differ 
from that on a road with a broken stone surface, like the one of McAdam, or 
of Telford, when kept in a thorough state of repair. 

In Bome.of the earlier plank-roads made in Canada, a width of sizteen feet 
was ^ven to the wooden track, the boards of which were laid upon four or 
five rows of siUs ； experience soon demoDBtrated that this was by no means 
an economical plan, as it was found that Tehicles kept the centre of the wooden 
Burfaee, which was soon worn into a beaten track, whilst the remainder waa 
but sUghtly impaired. This led to the abandonment of the wide track for the 
one now nsoally adopted, wfakh answers all the ends of the wants of tnvel, and 
Is much more economical, both in the firet outlay and for snbseqiient renewals. 

The great advantages of plank-roads over every other kind, in a densely 
wooded eoantry, for the rural traffic^ are bo obYionSy that^ did not experience 
teaeh ns by what mere accidents, apparently, improvements of the most 
important kind have brai suggested aod carried into effect, it might be 暴 
■ufajeot of Mtonkhment that they had not been among the first to be intt^ 
dttced, alter a trial of the old eorduroy road, bo generally reported to in ti (翁 
•illy stegei of road-making in this eovntry. 



iVbte C to Arts. 441 and 442. 



Mahcdt of describing Curves composed €f Arcs cf Circhs, 一 Tls span and 
me of an arch being given, together with the directions of the tangents to tba 
eorre at the springing lines and crown, an infinite number of curves, composed 
of aies of circles, can be determined, which shall satisfy the conditions of foim- 
ing a eontinuons curve, or one in which the arcs shall be consecutively 
tengvnt to each other, and such that those at the springing lines and th« 
nown shall be tangent to the assumed directions of the tangents to the curve 
at those points. To give a determinate character to the problem, in each 
partiealar case, certain other eonditioiui most be impoBed, upon which th» 
tolntion will depend. 

When the tangents to the curve at the BpiiDging lines and crown are 
re^tectively perpendicular to the span and ris^ the curve satisfying the above 
general eonditiong will belong to the class of oval or basket-handle curves; 
wken the tangenta at the springing lines are perpendicular to the span, and 
those at the crown are oblique to tfie rise, the curves will belong to the clan 
«f pointed or obtuse curves. 

In the class of ovals, when the rise is not less than one third of the span, 
tfae oval of three centres will generally give a curve of a more pleasing form 
to the eje than one of a greater number of centres ； when the rise is less than 
a third of the span, a curve of five, seven, or a greater odd n amber of centres 
will givey under this point of view, a more satisfactory solution. In the 
pointed and obtuse curvet the number of centres is even, and ia usuaUy 
restricted to four. 

Three Centre Curm, To obtain a determinate solution in tbia case it will 
be neoessary to impose one more condition, which shall be compatible with 
the two general ones of having the direction 藝 of the tangents at the springing 
lines and crown fixed. One of the most simple, and at the same time 
admittiiif of a greater vadety of curves to choose from, is to assume the radiat 
of the curve at the springing liaea. In order that ibis condition shall be com- 
patible with the other two, the length assumed for this must lie between zero 
and the rise of the arch ； for were it zero there would be but one centre, and 
If taken equal to the rise the radius of the curve at the crown would be 
infinite. 

Let A D (fig. A) be the half span, and A C the rise. Hdving prolonged C A 
indefinitely, take any distance less than A C、 and set it off from Z> to JR, along 
AD; and from C to P, along A C. Join R and P, which distance bisect by a 
perpendicular. Prolong the perpendicular, to intersect the indefinite prolongu 
ation of C A» Through this point of intersection 8、 and the point 12, draw an 
Indefinite line. From A, as a centre, with the radius R D, describe an are, 
«rhich prolong to Q to intersect S R prolonged. From & as a centre, with the 
radiuB 8 Q, describe an arc, which, from the constraction, mast pass throng 
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the point C, and be tangent to the first an* at Q The centres R and 8^ thw 
determined, and the cum D D C deduced from them, will satisiy the impoaed 
eonditiona. 



The two following constnietions, from their simpUcitv and the agreesbli 
form of curve which they prodace, are in frequent use. The first eonaiste in 
Imposing the condition that each of the three arcs shall be of 60。； the second, 

R 

that the ratio ― between the radii of the arcs at the croWn and springing line 

thall be a minimiUD. 

To eonBtnict the euire satisfying the fonner condHion, let A B be the 
half spun, ftnd A. C the rii6« MHth the radius A B describe A o of 90。, id 
off on it B6ss 6Q®r— draw the lines a b、 b B and A &,— Irom C draw a 
parallel Xo ah, and mark its interaectaon c with h B、 from cdnw a parallel to 
A b, and mark its intereections N and O with A B, and C A prolong^. From 
N with the radius N B describe the arc B c, from O with the radios O e 
describe the arc C c. The cam B c C will be the half of the one Mtbiying 
the given conditions ； and N and O two of the centres. 



To eonttraet the eonre atMsfpng the aeeoDd eondition, or d I 一 I so. Lei 



A D be the half spaD, 一 A C the rise. Draw D C, and ftom C set off on it 
Cdts C Of equal to the difference between the half span and rise. Biaeei 
the distance D dhy e perpendicular, which prolong to inteneet D il, and 
C A prolonged, at R and 8、 <>~ from these poinU, aa centres, with the ndS 
A Z> and 5 Q, describe the arcs D Q and Q C; and the carve D Q C will 
be the half of the one required. 

The analysis, from which the abf ？ e result is obtained, ii of a very simpU 
•haneter ； for designatiDg by A » C the greater ndiu, b j r ae A D thu 
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Mwr, ty OSS AD the half span, and by 6 s A C the riae, then remits 
from the EfM angled triangle fifilJt, 

Was 18"+ iS% 



Jl a* f «^ - 2«- 



r (3^ — Sr)r 
Diffemi1ii!iL0 this exprewitMi and placing iU fini diffisraitial oo» 



efficient eqnil to sero, or makiiig 
are reduced, 



0, there results, after the tenni 



f + y — （a — 



, U fl -、 2 ^' 

V> + s DC, and vV + 4^ — (a 一 h) ss 1^ hence the given eonrtnie- 
tkm for the eentres reqftaired. 

By eompafiikg the two meUiodi just explained, for the aame span and rise 
it will be seen that the former gi?M 歡 cum in whkh the lengths of the area 
differ lest than in the latter, and ifMch is therefore more agreeable to the 

町氣 ！ 

Obtuse ani Pointed^ Curves of Four 
Cfen/ret.— lir A 'b' be the half 
■pany— A C the rise of the feqaired 
ennrer-and C D the direction of the 
tangent to it at the crowiL At C 
dmw a perpeodieolar to C D, Take 
any point J{ on A B, such that JR B 
lAM be het4 than #ie perpendicular 
R b, from R upon the tongent C D. 
From C、 on the perpendicular to 
C A Mt off C i, equal to the 
tflsmned distance R B,— draw R df 
and biseei it by « perpendicular, 甲 
which prolong to inteneet the one 
ftom C at the point 5, through 8 
and R draw a line, ^ from J2, with the 
ndius R & describe an arc, which 
prolong to Q, to inteneet the line 
through 8 and jR「from S with the 
• fi^i ndms 8 Q, describe an arc, which 

wB. be tangent to tlM ilrat at Q, and pMs through C. The curve BQC 
，！ n b« tlie half of the one nqvired to aatisfy the given conditioM. 
The analogy between this wMtroetion and the one fint given for tiuM 
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oentre cums will be roadfly seen by leomparing tiie eoDBtractloiiB for 'Jie twn 
Five Centre Oval Curves^ <f«. When the rise h less than one third of tlio 
span. It is found that oval corves fst a pleasing shape eannot be obtained by 
using only three centres, and five, or a greater odd number of centres must be 
resorted to. Besides the two geneni conditions common to all OTalS) a 
greater number of partieular ones muBt be imposed, as the number of eentm 
is increased, restricting them within the Uciits of eompatibility with each other 
and with the two common to all. By imposing, for example, on the oyal of 
five centres, the conditions that the radii of the two consecutive arcs from the 
springing Hoe fthall be assumed as the particniar conditions, a very simple 
construction, analogoas to the one for ovals of thtee centres, will show the 
limita within which these must be restrioted, not to interfere with the others 
that are common to all. Wthout stoppio^ to illustrate this by an example, 
which will preient no difficulty to any one tolerably coDTeraant with the 
elements of geometry to make out alone, a more general method will be ghreOf 
applicable alike to all curves of this class. 

The half span and rise being giyen, let it 
be required to determine an oval of five 
centres with the particular conditions, that 
the radii of the conaeeutiYe ues, from the 
springing line towards the crown, riiall be 
in an incraasing geometrieal progreeaoii^— 
in whichi case the carvatares of the aics 
will be in a decreasing geometrieal pro* 
grauioD -~ and the len^fi of the eoii8ecoti?e 
ores shall increase in a given ratio. Desig- 
nate the half spaa AB by p (Fig, C), the 
Tiee by q、 » the ratio of the radii by m, — 
the ratio of the am by n, and the number 
of degrees in the are at ibe sprioging line 
by a. Suppose tb« centres O, P and Q 
found, and draw P8 perpendicular to AB^ 
—and PR piTpendicalar to BC produced. 

The ndii OA, PE and QD will be re- 
pmented respectively by r， rm, and rmV** 
Mid the angles A0£, EPD, and DQQ 
between them by 

n - if 
Of a 一 , and a— r: 一 
m 




now, from the properties of the figure, tbt 
foUowiDg equations are obtained 



n 1^ 
a + a 一 + a * 
響 《i m* 



SB 9 « rm， 一 OPS + QR)、 



90。 

(B) 
(O 



APPENDIX. i>%C 

Vnm the right angle triangle OPS, and PQR^ there reBaltap 

08 = OP COS. a = (rm 一 r) cos. a ； 
P8 = OP sin. a = (rm — r) sin. a ； 

PR^PQeos. + + (rM* 一 rm) cos. (a + «^); 

QR — PQ tin. («+ « 芒) « (rm*— rm) aiit (a+ n^) 
by snbfltitatiDg these Talaea in equations (B) And (C), therd remits, 
|>=»r I l + (m— 1) eo"+ (m*— iii)eo& (--^) (£) 

««r —一 （爾一 1〉 siiLtf — （m'—«) sill. (-^) a|; (P) 

■nd by rednotion, equation (A) beeofflei, 

• (鶴 一 n) 11^^^ 〜 

•-■^^W" • • • • • (G) 

ne eqamtiom (£), (F) tnd ((?) express, therefore, the relations which sulx 
nrt between the biz qnantitieft m 9, r, a, m «od n wb«n the imposed conditions 
■re satifllled. Let three of these quantities as m, n and r be assumed, the 
othen will be found fhun the three equations io question ； that is the 8|>aii, 
rise, and number of degrees in th« are at the springing line, whkh correspond 
to the given values. 

From the aolatioii here gfven, flie ratio ofp to q or-^ ie found ； bat an the 
rifle and m vraally a part of the data, thk ratio ― may be different 

ht^— — — — 二 — k 

DeceoMffj to asMime new vtHum for tiie quantities m, % and r, %Dd find the 
eormpondiiig mines of |^ & mda, until the ntio is equal to, or newly the 

same m-j-. When a soitoble approzimation has been obUdned, it will Im 

easy to find a cure whieh shall differ bat Uttle from the required one, and 

6 

whofle half aptn and rite shall have the required ntio 

To eflbet this, let x be the quantity which mutt be added to p and ， 
retpeethelyy to make their ratio tue nme as that of 6 to e; this eoodition wiU 
be ezprewed by the equation. 



▲PPXNDIZ. 



b p + x 

drcm which there malts 

if now this quantity be set off from A to M (Pig. C), and from C to iV^ ana 
a Dew curve AN be described from the same centres 0、 P and Q， it will be 
pAinllel tp the curve AC, whose half span and rise are p and q、 and the half 
span BM, and rifle BiV, will have the same ratio as 6 to c To paw from this 
euire to a Bimilar one, described on the given' half span b、 and rise c, it will be 
only necessary to multiply each line of the figure QPOMN by the ratio 

b 

or, snlMtitiiting for x its value, as detenniDed in equation (H), by 

c 

sinee the figures being Bimilar, their homologous lines are proportioiial, or, for 
example, 

h 

which will give the line, corresponding to 0M、 in the figure of which Ms tho 
half span, and c the rise. 

The method here ezpluaed may be applied to any number of centres, bat 
where the rise is less than one-fourth of the span, an oval of five eentres will 
be found to answer fully all the required eoDditions. 

There are other methods of describing the oval of five, or a greater number 
of centres, which are rather more simple for calculation than the general 
method jast given. 

By muming, for example, the greatest and mnallest radii within saitablo 
limits, the intermediate radios may receive the condition of being a mean 
proportional between these two; or designating it by x, there will result 
X « ^RXr ； 一 jR being the greatest radios, and r the least, Having foond x、 
the position of the intermediate centre P Is found, by deacribiDg an arc from 

with A radina R ~ a?, and another from O with a radios « r, and taking 
their point of intersection P. 

A flimilar process might be followed for an oval of seven eentrao, by finding 
the two intermediate terms of a geometrxal progreasioD, of which r R am 
the two eztienM 



Note D to Arts. 270, <f«^ on the Strength ffMakridU, 

EhsHclty and Cohesion, and their Measure, ~~ To arrive at somewhat definite 
notions on the subjects of the elasticity, and the tenacity or cohesion of solid 
bodies, and the measure of the resistance which they respectively offer to any 
CKtraneoua force that tends to disturb the natural state of equilibrium of the 
dementarj particles of which these bodies are composed, and thereby call into 
play their elasticity and cohesion, it may be well to give a brief summary of 
the hypotheaes now most generally received among writers on physics upon 
fheso points; and to show in what numner the relations between the dift- 
tarbing forces and their effects can be represented geometricaliy. 

The hypotheses now generally admitted are that bodies are compoaed of 
elementary molecules, each of which consists of atoms grouped together in 
definite nambera or proportions according to simple and regular natural laws ； 
that the positions of the atoms of any molecDle, with respect to each other, 
eannot be so far displaced by any ordinary extraneous force as to modify 
their amn^ment, external form, or mechanical properties ； that the element- 
ary molecules, separated from each other by greater or lesser distances, as 
compared with their own dimeDddns, exert a reciprocal attraction, which varies 
in intensity not only with their distances apart, but also with their relative 
poritiona, and that the tendency of this reciprocal attraction is to cause the 
molecules to group themselves according to regular laws ； that, in the natural 
^te of equilibrium of the moleenlea, the forces of attraction are balanced by 
the forces of repulsion of the interpoBed caloric, bnt that these forces may be 
brought into play by any extraneous force which tends to disturb the natand 
Btate of equilibrium of 《he molecules, either by its tendency to separate them, 
or to prem them together, until they have assumed a new position of stable 
equilibrium under the combined effect of all the forces in action. 

To aecoant for the state of eqailibrimn of the molecules under the action of 
the fbreea of attraction and repulsion alone, it ia suppoaed that the atoms of 
ealoric repel each other at all distances, but with a force that decreases very 
rapidly in intensity as the distance between the molecules increases ； >»• that the 
atoms of caloric on the contrary are attracted by the molecules of different 
bodies with varylDg intensities, and which causes them to collect around these, 
molecales, so as to Burronnd each one with a kind of atmosphere of caloric 
that deereasM in density from the centre outwards, until it attabs an intensity 
equal to that of the snrroanding medium ； ^> that, when two molecules of 奠 
body are brought so near each other as to be within the sphere of these forcea 
of attraction and repulsion, the force by which they are repelled is aimply that 
between the atoms of caloric, whilst the one by which they are attracted to 
each other is composed of the mutual attraction of their matter, and of the 
attraction of the atoms of the calorie composing the atmosphere of the one foff 
the matter of the other ； finally, that the intensities of these forces of «ttn» 
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Che respective distances vpaii of two moleeales, and the corresponding ordln- 
ate* xyyx'tft x" y", the cocTeapoodiDg values of the fonses of repulmoi^ 
and let 2, 2*, tf，、 & 45., be a second curve having the same abacusaa aa the firsts 
and for its oidinates oc^ iif、 x' d&c., wbieh represent the values of the 
foiees of attraction oorresponding to the diatances apart of the molecQlee, AXf 
Ksf These two carves should intersect at some pointi as which 
Ukrresponds to the nataral state of equilibrium of the two moieenlea, in which 
thfiir diatance mpart is Ao, and the forces of repulsion and Attniotion» ropre* 
seated by the ordinate ah^ are eqoaL From the common point 6, towwds (he 
axis A Y, the two curvet shoald approach rapidly this axis, without howe?er 
ever meeting it, ainee matter is impeaetniUe, aikl in this part the foiees of 
iq>iiUioii lepreaented by the oidinMes x y、 will b« g^tor Uum tboee of 
Attraelioxi, repreaented by the ordinates x z, &c To the right of the point 6» 
the corves will recede from eaish other making the ordinates x %, dto., 
than the eorresponding ones x y、 du^ antii some diatance A or " between 
jnoleeules ia reached, when the diffelrenee 1^， y between the eorres] 
.rdinaies is a nuudmaiD, and from which point curves will again 
4ach other, to intoneot at a aecond point b\ having the common ordinate of bf、 
vhere the forces are again in eqailibriam, and beyond whioii» lo the right, 
•f repalsipn again ezeeeda the one of attraction. 仏 beyond this point if、 the 
force of repulakm still oontmaes the greater, the oar?6s will s^nmte mora and 
more» and will iqpproach the axis AX without ev«r atraining it, ao that al 
lome distance A x,、 infinitely great with respect to the one A a, corresponding 
to .the natural state of equilibrium, the eonrespoudiog orduiateft aod »• 
will be infinitely small with reapeei to the one a b、 

Ezsmliuiig no'v what takes place in the vidnity of the point 6, whao the 
natural state of equilibrijim is slightly disturbed by any extnmeons foree, it 
will be observed that when the force acts to ineroue the piimitive diitaaoe 
A a between the moieeulM, so m to nudie it Aa + ax* ton example, then the 
length y'T^ssx'xf 一 x'ff' will represent the value of this force, and is the 
intenolty of the resistance offered by the force of attractioa to the displace- 
ment ax* of the molecule. In like maimer, it will appear that x y measures 
the intensity of the force of repulsion to an extraneous force that would dis- 
place the moleenle the distance a x. It wUl be farther ob8er7ed, on aa 
exanunatioa of the carves, that the measure of the intensity of the resistaiice, 
offered by the foree of attraction to the diaplacement of the molecale, will 
gradually increaae with the displacement, untU it attainB a maximum ttate 
t"' y",、 corresponding to the displacement A xw'、 from which point it will 
decrease to the point l/， the new position of equilibriam of the moleeolea. 

From what has been thns far stated, a clear idea may be formed of the 
elasUe resistance offered by the two molecules to any force which tends to dis. 
place them from their state of naturri equilibrium, and the law between this 
resiitanee and the corresponding displacement within the range of elasticity. 
For let any extraneous force be applied to separate or bring together the two 
molecules, the intensity of this force being less than the nuudmam reabUnee 
f s',, iU effect will be to change the distance between the mol60iil«i» imifl 
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fhey him ^ined a new porition, where all the forces will be aguio in eqA 
libiium. Let this position be the one comsponding to A for exami le ； now 
■o long as the eztraneoua foice acts, the moleeules will retain their respective 
positioQB apart, A and x'; if the extraneous force be suddenly withdmwn the 
mojeculee will approach each other to regain their primitive distance spaxi 
A Oy With a certain velocity, which velocity, or rather the living force aoeo- 
m\;i]ated, will cause the molecules to approach nearer to each other than the 
diBtance A a, passing which the force of repulsion will be brought into pkj, 
and by it« resiBtAnce, having destroyed the living force gained, will cause the 
moleeule« to recede from each other, creating in turn a certain amount of 
living force, and they will thus continue to oscillate between their primitive 
positions until they are finally brought to rest with respect to each other 
in it by extraneoas resistaBces. 

If a tangent be drawn to each of the carves y、 &c., and 2, 2/, d&c, at their 
eommon point b、 these t&Dgents will, like the corves, intersect at b、 and will 
each coincide with its oorrespondiog carve, for a greater or smaller distance on 
each side of the point h. Now, if any distances axf^a a?", dus., be taken on 
each side of a, and be cdnddered infinite^ small with respect to Ao, the 
primitive distance apart of the molecules, the portions of the ordmates to the 
curves aa n, &, n" o", at these points, intercepted between the tangents, will 
be equal to the portions of the same ordinates intercepted between the curvMi 
M the curves and thcSr tangents are taken as coinciding along the poitiont 
eorrenponding' to ax, a a?"， du^. The intercepted portionB of the ordinatMi 
with the portions of the tangents, Bsbn'^b n", intercepted between them and 
the point b、 will form similar triangles, from which is readily deduced that the 
portions of the intercepted ordinates ure proportional respectively to the con 
responding distances a 2', a x'', Slc ； or, in other words, that the forces wHh 
which the molecules attract, or repel each other, for infinitely small displace- 
mentB, u compared with the primitive distance of natural equilibrium^ an 

proportional to the displacementB. But since the ratio » - ―^, betwen 

the portions of the ordinates intercepted between the tangents and the eo»< 
responding displacement is constant, it may be taken to express the munerieal 
value of the resistance offered by the molecules, in their position of natunl 
equilibrium, to the mfinitely small displacements in which the tangents coin- 
cide with the elementa of the curve ； which amountB to sayings that, for 
mfinitely small displacements of the molecules of a body, the ^ue of the 
elastic force remains sensibly constant 

It will be readily seen, from an examination of Fig. A, that, in proportioD m 
the two curves approach more nearly to coincide with the ordioate a\tb« 
angle between the tangenta will be the smaller, and the distaneea aa^^asf' 
&c., will also be the smaller, aa compared with the corresponding parts of tlM 
ordinates vl </, n" €l'， intercepted between the tanguito; and the elMtit 
resistance, or rigidity of the *nolecalea, mearared by the conatBot ntit 

, will be the greater. 
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Rdatkm heiweem ike Ek%giition, or Comprenion^ and the Fan$, or Strahs 
uhkh U is eauudt in the use of a rod, or bar of a ghen croBS dtaien, lh$ 
fciree acting in the direction of the length cf the bar, 

^ Let the original length of the bar be repreteDted by L; th« 

Area of its eroM seotion by A; by W the force acting in the 
direction of the len^ of the bar ; which force, regarding the weight 
of the bar as inoonaiderable with respeet to W, may be considered 
as a weight suspended from the lower end of the W ； and by 2 the 
elongation of L due to W. Now whether the bar be supposed to 
coDtUt of aa many parallel fibres as there are equidistant molecnlet 
in the sectioii A, each fibre being of tbo length L, or whether it 
be Boppoeed divided into • number of infinitely thin slices of the 
same tl^ekneM, to the extremities of each of which a force W is so 
applied that its effort will be uniformly diBtributed over each element 
of the area A of the slice ； it will be apjuireDt, from a momen" 
consideratioii, that the resistance offered by the btr to elongation 
wfll .be independent of its length, and proportional to the number of 
fibres, or to the area A ； that the elongations of the different porUona 
of the length of the bar, arising from the action of W, will be 
1 direetly. proportional to their original lengths, bo that the total 
elongation will be proportional to the total length of the bar; and the 
rmtooee arising from elasticity will be measured, aa in the case of the dis- 
plaeement of two molecales, by the ratio betweea the very small and propor- 
tional displaeement of two molecules, of the sume fibre, and the force by which 
this displaeement is produced. 

Ab L is the original length, and I the total elongation^ the proportional 
•Kongation, or that which takes place for each foot» or other unit in whioh L is 

espraned, is represented by the fraction X, and is the same for every 

fibre of the bar. The measure of the elastic resktaoce therefore will be 
W 

~ . Repreflenting by E the measure of the elastic retistaoce on a unit of tlw 

foiface A, the mearare of the total resistance on thit turfi^ will be EXA. 
From this is obtained the relation 

^=EX A;orW = EAA;«EA-i-, 

from which W or / may be found when the other is known. 

By making A equal to unity of area, and J=s L, the above relation beoomM 
W asE. In other words, E Lb the force which applied to a bat, the area of the 
erow sections of which being unity, would elongate the bar a quantity equal to 
its original length. This qiuOitity E is termed by writers Uie eoeffieignt, or 
the modulus of elatttbUy, 

The retsoniiig here lued for the einiimstaneet of elongatioii will eqMjy 
qyply, from wliat praeedeii to the am of the shorUofatg of • bar 'qr 翁 ii 
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To Jind tke relations bettoeen the eUmgoHon and strain when the we^ht tf Ikk 
bar is taken titfo consideration. ♦ 

Represent by L the original length, before elongation, of a bar AB 
(Fig. B) ; by x the length AC of any portion of it, eBtimaied from A; by J« 
an element of the part by W the weight saspended at B ； and by ip the 
unit of weight of the material of Uie bar. 

The weight of the portion of the bar BC, and which teodi to eloDgato tfaa 
part A C above it, will be expreftsed by 

(L ― a?) toA; 

the total force, or stniin, acting at the, point C, will tLerafore be expreased Iqr 

and the effect of this strain ou the «iment> ？ api^Mei^ied in length by <2« 
will be, from the preceding propop.'jr ,， V> pco4im an elopgstioD ^zprested 

by 

W + (L. - 

£A ； 

tfie total length of the ebmuii J x tfUr elongatioii will tfaeiefm be 

¥a 

Ihtegratmg this expiwion of^^m the limits x so and « 一 L| tfaere trMrimi 

EA 

for the total length 4 Lar after dongatioiL 

； 乂、， • 

Relations betvum th^, Fjroe^ or Strain applied to a bar, or nadf cf a given eron 
Bection^ and ihA levkf% cfc., qf the bar token rupture ensues ； the strain being 
parallel tn liz AxT^l^m of the length of the bar. 

The prLielpal nssuts of experiments on the resistanee offered by mateiuli 
tp rapture from a strain actmg either to compres8> or tear asunder the puw 
Hcles, thus calling into play the tenacity, or their resistance to eompreaaioii, 
luiTe been «o fiiUy gLveii« that Irat UUle reoudns to be said here fitfther than to 
• show the effect produced by the weight of the material itself, in modifying tha 
ntniiff arising from any external force ； also the maimer m which the fona of 
ihe bar may be so modified as to make it most 鑫 oitable to reaut the stnna 
tfiaiDg from this external force and its own weight combined. 

Suppose a bar of uniform cross section thonghout (Fig. B), the area of 
which IB expressed by A, and its length AB byL» snbinifted to 裏 ttnia 
vising from a weight W， suspended from B, and that of iU own weight, and 
let 10 represent the unit af wei|rbt of thtt material of the bar. RepreaentiDg hy 
R, the co^gfdent rupture of the given material^ that ia the strain that would 
tear arander a bar of the «ame materiii], tbe area of the erow aeetion of wUefc 
« oDity, then the resistance offered by the bar AB will be nTpfiiiiirt hj 

tin md^t of Uieb«r itself will Iwe^rMMdler 



It is evident that the greatest stndn on the bw, ariaing from the eombibed 
action of W and hs own weight, will be at the point A, and will therefore bt 
ezprened by 

W + LAio; 

and aa the reaistanoe offered by the tcnadty of the bar mui be eqii& to dili 

strain, there obtaiiu 

RAsW + LAw 

to ezpreM the required relatioiia. 

To show the maimer in which the form of » bar may be so 
modified that the area of its cross section, at any pointi thai] 
be just ftuffideni to reaist the stram brought upon the 
material at that point; let a b (Fig. C) be sueh a bar the 
length of which is expressed hy L; let any portion of the 
length, as b c, be expressed by x ； let w repreeent the unit 
of weight of the material of the bar ； W a weight suspended 
at its lower end; let the cross section of the bar, for 
example, at any point be a circle ； let r desiflnate the radios 
as d of the cross section at the point t ； r'' the radioa a m 
of the top section ； r' the radius b n of the bottom aeettoD ； 
and d X the len^ of an element of the bar. ^ 

The area of the cross secdon at o is « r^, and m this 
area is supposed to vaiy from point to point the weight of a 
portion of the bar of which the length is x will be ezpreaaod 




by 



and the strain upon the sectioD at o, ariaing from thii weight and that of tlM 
nwpended weight W, will be expressed by 
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bat as this stndn must be just equal to the tenacity of the Imot it «b wl 鱅 
R X «r* represents its measure, there obtaina 

fiffiaranliating this expression, there results 

WHi*dx^2Rftrdr 

hence 

dr 10 - 

wbieh integimted ghree 

Log. r== — «+C, 

«rhich shows that the eonre n dm, cat from the bar a plana tfafoogft iH 
eentre, u • Hgarithmie emre. 

Without passing from the preeeding logartthmie ezpnMdon to the eqimtaf 
ovmbefi, equation 
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5$tk be placed under e form 

by making '一 s A; differentiating this as befoie, there ranlli 
and 

JA w ， 

= — dx, 
A R 

Integrating r m this, between the limits r' and r", tnd calHng the rwpectui 
areaa at these points A' and A" ； and also integnting x between the Ifaaili 
o and L» there obtafau 

henoe, pMsing to the equivalent nomuers, 

to 

A" = A'e (B). 
but as the stnin on th« section A' is W, there obtains 

A'R = W,andA' = S 

A 

SabstitatiDg this valae of A', m the preceding eqwitioii (B), there obtdM 

to 

A" = f e^^ (C) 

for the value of the area at the upper end of the bai; 
Aft the weight of any portion of the bar of the length x is ezpraned Ij 

to / Adx 



)J Adx (D) 



and the Tslae for any wiable section, at the distance x from the lower en^ 
!• found by snbstitutiDg A for A", and x for L in the equation (C) just prti 
ceding, the value of A ao found aabetituted in the eipretdon (D) givM 



to 

X 
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■ad this ezpnMi< 



L —X -=-L 

Jf ?' 、- 《-' ); 

wdght of the entire Imt. 



Rdalimu beiween a force pivducing ike rupture of a soHi body by a cron Mtrmn 
on its Jibres, and the resistanea <f camprtMnan and gxienrion of the fbru prth 
duoei ky the tKtian af the forte* 

The effeet of a cross sinin upon the fibres of a solid bodj, at a bar, or rod, 
caused by the action of a force, of which the line ot direction is either perpeo* 
dienlar, or oblique to that of the fibres, is to deflect the solid, bringiDg a stnin 
of extension upon Uie fibres towards the convex aide* and one of compreMion 
on those towards the concave ude of the solid. Separating the fibres which 
are elongated by the cross strain from those which are compreMedt it is 
^nerallj assumed that there exists a layer of fibres which is not affected by 
the cross strain, and which, on that account, has received from writers on this 
tabjeet the name of the neutral line, or neutral axis of the eolid It is alao 
geoerally aasamed that when the deflection is inconsiderable, the eloDgationa 
and diminutions in length of the extended and compreaied fibres which are at 
•qoAl distaoees on each aide of the neutral axis are equal, and that theM 
dumges in the origiDAl lengths of the fibres are proportional to the diBtaneet 
of the fibres from the neutral axis. It therefore follows from what precedes, 
that so long as the eloBticity of the fibres remains unimpaired under the action 
of the force, the reaUtimees offered to eloDgatioiiy or comprenion, will be pro- 
portional to the distonew of the fibns from the neutral axis. In the state of 
a solid immediately bordering on rapture from the effects of a cross straic, U 
is probable thai the elastio limits of the fibres which we farthest from tiia 
neutral line, both on the convex and concave dde^ are exceeded before they 
ere reached by fibres lying nearer to the neutral line, and that the resbUneM 
therefore are no longer strictly proportional to the diBtaDces of the fibres from 
the neutral axis. But as the hypothesis, that the elasticity of the fibres 
remains imimpaired up to the moment of rapture, approaohes more nearly the 
actual state of the question than any other, it has been assumed by writers on 
this subject as the basis of the theory from which the formulas, showing ih» 
lelations between the foxees, are obtained, and 褒 correction for the impeifee- 



tiM end BC, wUeh tends to deileot the hur. Let BP be the position of the 
Mvtnl axis, auppoted to be miowii, and OP th^line along which rupture u 



tion of the results thus arrived 
at has been sought, by eompaiw 
ing them with those obtained by 
direet experiment, and, by meant 





bar firmly fi»tened at the end D, 
and acted upon by a force W,«t 
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abojt to tdce place from the effect of W. Let tht 
area comprised within tlie eonred Une (Fig. E) b« 
the cross section of the bar al OP. Let A X repie- 
Bent the positioii of the Deutnd axis on this oroBS 
section, and let this line, with the one AY drswi 
peipendicular to it at the point A, be taken aa the 
coordinate axes to which all points of the eroas seetiov 
are referred. 
Represent by 
ft, the breadth of the cross section estimate on AX ； 

the distance AX And above it of the extreme fibre of the citMi 
Bection, or the one which is most elongated ； 
<f , the distance from AX of the one most compressed ； 
X and y、 the coordinates of any fibre, as o ； 
R, the coefficient of rupture. 
The area of any fibre will be expressed hj dxX dy; and the reoistaiiM 
which the extreme fibre from AX offers at the instuit of rnptoro will be 
expreased by 

Rxdxdy. 

Now 88 the resistances offered by the fibres are proportional to their elongi^ 
tioiu, or compressions, and as these last are proportioiuU to the ^taneea at 
the fibres from the neutral axis, it follow* that d hang the diBtance of the 
extreme fibre from AX, and y that of any other fibre, at o, from the Munei tht 
reawtaoce offered by o will be expressed by 

•! "一 

The totel realfttance offered by «U the fibres will therefore be ezpraned hj 
integiil of this last ezpresnon, or by 

Ib like manner the total retistance offered by the eompresMd fibns Is 
apratMdbj 

Now assuming, at the instant of rapture, that the defleetion of the solid ii 
ineondderable, and that the foice W which eansea it is perpendiciilar to the 
direction of the fibres, it follows that the conditions of equilibrium require that 
the algebraic sum' of the forces in the direction of the fibres shall be equal to 
sero, and that the sum of the momento of all the forces with roqiect to 
neutral line across the section at OP shall also be equal to zero* 

The first of these conditioiui will be expraaaed by 
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麟 the renstance to elongation offered by any fibre at the distance y from th€ 
Mutral line vi—dxiyy^ the moment of this reaistanee will he—dx dy / 

Mid fbe sam of the iiomeats of all the resutances to elongaUm will b« 
eiproBsed by 

jfdxfidy. 

Tn like manner the sum of the moments of the reuBtaneea to oompreadoa 

Repreeenting by z the perpendicular from OP upon the line of direetton of 
tbe moment of W with respect to the neutral line across OP will be 



To express therefore the second condition of equilibrium there obtaina 
R R ， 

■^yfltp//<fy + yyir^rfy— W« = a (B) 

Representing by i A ^dxdy tAe section^ of a fibre, or an element of tka 
eron section coEresponding to it, the eq. (A) will take the foim 

d a 
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which expresses the condition that the neutral line AX (Fig. E) drawn througli 
the section of rapture passes through its centre of gravity. When the neatnd 
line therefore divides the section of rupture symmetrically, eq. (B) will takt 
the form 5 



2^JdxJ'y'dy=:Wz (C) 



The sum of the two integrals in eq. (B), and the integral which forms ike 
first member of eq. (C), havo received the name of the tnamerU rupture. The 
integration being affected by the usual rules for integrals of this fonn, the 
limits of X being taken between a? = o and x = b, and y being either constant, 
or else a function of x, depending on the figure of the section of rnptura, and 
its limits in the last case being y = and y=/ (ar), the restflting equation will 
express the relations between the dimensions of the solid and the force pro- 
ducing rupture, when the value of R has been saitably ascertained by 
experiment 

Before proceeding farther it will be well to effect the tntegrations for the 

moment of rupture, as expressed in eq. (C) for some of 
the more usual cases where tke cross section has uni- 
form dimensions throughout the entire len^ of the 
solid. 

Taking the case of a rectangolar crow section (Fig. 
P) the breadth of which is represented by b、 and th« 
depth by (2 ss 2 df、 the expression for the moment of 
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rapture beoomet 



3—1 dx J y*dyssz&~. 



In the ease of a eireiLar cross section, representing \j r th« ndfau 
ifaele* the expression beeomet 



I 



2 



R 

r J 3 
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In the case of a tube with a rectangular cross aeetioii (Fig. 
G), representing by b and d the breadth and depth of the ezte* 
nor rectangle, and by b' and df the like puis of the interior 
rectangle which forma the hollow of the tabe, Uie moment 
of rapture will be 

一 W« 



R 



6d 



and in that of a tube with a drealar cross section, r and H 
being the ndii of the exterior ind interior drelM, flu 
expreasion becopies 



R 
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In the case of a uniform cross section ]ike (Fig. H), representing bj A the 
entire breadth of the solid portion, and by d its depth : by V the sum of tlis 
breadths of the rectangular voids on each side, and by d their depth, tht 
ezprenion beeomes, as in the case of a tube, 



R 



一 



The foregoing examples will serve to show the method 
of obtainhig the moment of rapture in all like caaes of 
■olid ban, or tubes with uniform cross sections where the 
aentnl line divides the ems section symmetrically. 

Resuming the c^neral expression (C), whieh shows 
Ihe relatiom between W and the other quantities, imd 
applying it to the ease of a beam with ft rectan^lAr 
ero88 aeetioD of uniform dimensions, the length of which 
AB, beyond the point where it is firmly fiutened, is wpt^ 
vented by 2| the ezprenioD becomes 
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R 



Wl; 
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mppoang the rapture to take plaee, as is evident from the cq" it will in tndi 
a ease, it AD. From this eq. there obtainii 



Ibr tbe weight which the h^am will bear at the moment of raptara. 

If a beam u laid horizontally on two props, and a weight is placed rpdn it 
at the middle point between the props, the tonddoey of the beam to nptun 
wQl be si this point ； and the ttnin upon the beam from W will eWdfloUy bo 
ibm MUM M if the beam were firmly fixed at the middle point, and a force 
equal to 蚤 W were applied at the point where the beam rests upon one of the 
props, aod in a direc^ioii eontituy to that of W. Representing by I the dia- 
tanee between the props, b the breadth, and d the depth of the reotaogrolar 
cross aeetioiif d being estimated in the same direction as W, the preoediof 
(D) will take the form 



《 
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It is from experiment made upon beanui of a reetangnlar aeetioD, laid horU 
BonUlly upon two props, and broken by a weight placed upon them at the 
ndddJe point between the props, that the quantity R has been determined for 
the different kinds of materiala. Having detennioed R from a number of 
■oeh ezperimeoto the valae of W can be determined by calcnlatkm when tfaa 
quantities b， d, and I are known. 

If instead of a weight acting at a single point, a beam of rectangular croM 
•ectioD m stnined by a weight uniformly distribated over its top surface, the 
eonditioDs of eqnilibiium from which the relations between the weight and tht 

be ezpreised m follMra 




dimenmons of the beam are eatabliahed will 
Repretenting by ie the weight on each unit of 
length of the beam, by dz (Fig. I) an elemenl 
length of the solid at the diBtanoe % from 
point where the solid is firmly fasteDed, 
where the rupture will take place ； then the 
weight disiribnted over the element d» will be 
wdx^ and its moment with retpeet to the point 
of rapture will be todz x «. CaUing the entire 
leocftii of the solid 4 the moment of the entire 
weight distributed over its length will be 
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and this, from the eonditioiM of equilibrium, must be equal to 
rupture, or 



R 
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dz % 
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fiut wl expresm the entire weight dktiibuted over the solid ； therefore, fna 
this last equatioiif it follows, that its effect upon the solid ii the nine u if 
half this weight wm suspended from the end of the aolid. 

If the solid, besides supporting a weight w uniformly distributed met eaeb 
unit ofita lengtb, has alao a weight W auapeoded at ite end, the eondhkms of 
equilibrium will be , 

f 6 2、 

Solids of equal resistance. ― This term ia applied to solids m whkh the 
material is so distributed, with respect to the force, that the strain arising from 
it is the same at every point of the solid, and the tendency to rupture i* there- 
fore the same at all points. In a beam of a uniform rectangaUr cross 8eotion» 
for example, placed under the circumstances supposed in the preeediiig 
the rupture will take place either at the end where the beam is firmly fiz< 
at the middle point where the ends rest on props. As these are the w< 
points, there will be an excess of strength at all other points, and therefore a 
waste of material These eonsidentiona hftve led to an examination of foims 
by which this waste uught be avoided. The change of foim of the solid is 
usually effected by varying the dimensioiis of its longitudinal Beotion made by 
a plane through ite axis, the plane of section being either parallel to the line 
of direction of the foroe, or peipendieolar to it, preaerving either the breadth 
or depth of ita crots section the same at all points. 

Suppose a beam (Fig. K)， ofwhkh th« 
upper aide is a plane Mtrfiuse, placed in a 
horixonta] position, firmly fiutened at om 
end, and strained by a weight Wat the 
other; it is reqnirad to detonnme the 
form of its longitodinal seetion by a pUne 
through its axis parallel to the direction 
of W, the breadth of the croM aeetion. 
being the same throughont. 

Let I lepreaent the length of th* 
portion of the beam atniDed, b the mufoim 
breadth of its cross section, d ita depth at AD» where the beam is fiuteoed, ， 
the deptu of the cross at any pointi the dutanee of which fi^m B, when W 
acts, is X. 

To find the value of d there obtains fVom the preceding •qnalioiui 
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and for the relatkms between y ind m 
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A reUtion between y and x which czpreaMs thai the Umgitcdinal aeetion of 

the besm most be tenninated at tlw bottom 
by a pMBbola, the Teitez of whieh is at the 
pomt & From the eonditioiis of the pro* 
blem a loUd so ahM>sd will offer an equal 
raasUoce at every point to the strain arinng 
from the action of W. 

Si^ypofle, as iatbe Utt esM, the top amfiwe 
of the solid plane (Fig. L)， its breadth 
uuforait and that tlie stnin ariaet from a 
weight w mufonnly distributed over eacli unit in length of the top Burfiice. 

Adopting tte fluna Botetioa as in the premoB eue Umi^ obteUM, to find ftbe 
nine of i - 
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a relaHoB that showB tlui the lower Hne 6f the toDgitadinal teeiioa u the 
n^t line BD. 

Suppose a solid (Pig. M) wHh 
a ractaDgnlar erow aeetion of 
uniform bfeodtfi thionghont^ the 
lower stnrfiKe being plana, laid 
hoTteoDtolly upon tiipporU at its 
«ztremiti08, and Btnuned by a 
weight plaeed at any pomt between 
tfa« pdinti of rapport 

Represent by h the nnifoim breadth of the cross aeetion, by d its depth at 
the point where W aets, I half the horizontal disUnee between the snpportSi 
and c the distance between the point D, where the weight acts, and the point 
C， the middle goint between the supports A and B. The solid will evidentlj 
be in the tame state w if it were confined aft the point D, and a wel^t eq«al 



to W — were applied at the point A, and in a oontnury direetloa to W. 

mm 

MNnditioiiB of equilibrium therefow will be 



It is evident from the preceding that, in order that the solid Bhall be oqiudlj 
atrong throughout in this ease, the top of it must be fc rmed of the porttona 
of two parabolas, the vertices of which are at A and B. 

Were it required to ascertain the form of the longitudinal section, so that 
the solid should be equally strong to resist the aetion of tlie w«ght wfaen 
placed at any point , between the sapports, the preceding eqaalioii of eqiii> 
librium will serve to establish the relation between the parts. For represent* 
fog the depth of the solid at any point by y、 and by x the correaponding 
distance from the middle poinU between the props to the point 冒 here th» 
weight acts, the preceding equation will take the form 

6 % 

wfakh Lb the equation of an ellipse of which the TeiticM are at the pointi A 
and B, and of which the aemi-^onjagate u expreaaed by 
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Suppose a solid (Fig. N) with a tmifbim 
thickness in the line of direetion of the 
weight, hot of ▼ariable breadth: sabjeeted 
to a strain arising from a weight unifonnly 
distributed along the centre line AB of the 
•olid. 

Representing by y any ordinate PM of 
the curve whieh bounds the top Biurfim 
of the solid, and by a' its afaadaaa PB ； by 
10 the weight borne by each linear unit of 
AB ； by dx any elementary portion of AB, at the distance x from B; then 
to dx will be the weight distributed over the element dx. To ex] 
eonditions of eqailibrinm between the moment of rupture of the eroM 
at PM, and that of the weight of any portion of the solid of the U 
there obtaina, 

Representing hjl^AB the length of the solid from DC wbm it li taOf 
fixed, and by bsa AC, the foregoing ezpresaion beoomM 




R — SBB henee b 



6 ' ， R<P 

S&ce for the eroas aeetion at AC, x = «^ » " and 一 

The preceding expreamons show that the ennre CMB !■ • parabola if 
which C k the vertex, and tiie line CA ttw azik 
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Prom the preceding examples, the relations between the moment of raptnrt 
and the strain oauaed by a force acting in a ^ven mAoner on a solid of any 
form of erosa uection, whether constant or variable, may be ettftblished when the 
dunenBions of the cross section are connected by any geometrical law. In th* 
most important cases in structures, these relations are usually ezpresMd in tiM 
most nimple terms for convenient arithmetical calcolation, the constanti 
lefweaented by R in the preceding equations, being dotermined from experi- 
ments made on the solids of the form to which the foromlas are applicable^ 
Examples of formula derived in this manner, and adapted to arithmetical caU 
eolatLon, are given in Art 320, page 92, and at the end of Note A on tubular 

A large number of experiments have been made to aacertain the value of R» 
by submitting solida of a rectangular cross section to cross strains producing 
rapture. As might have been anticipated, the values of R so determined wy 
eonaiderably. The mean value for timber is usually taken at 12,000, and that 
for cast iron at 40,000. In practical applications, the value for timber ia 
reduced to the one-tenth, om 1200, and that for cast iron to the fourth, or 
10,000, of that determined by experimenti when the formulas are used to fix 
the straiii to which the nuiterial can be suljected in safety in the ordinary cases 
•f stractmes. 

Mfmmv cf eMtimaiing the strains onfiwnes cf strmghi fttomt cfredmigvJar crou 
metkn^ and the rdiUions between (he ttram on each pleoe and its dimeniioni. 

Tb0 problems presented under tfaia head connst of two parte : the fint, to 
And the directions and mteoaitiee of the strains on the componant parts of 翁 
frame, composed of straight beams with rectangular eross seelioos, ariamg from 
ft given strain acting at any aasomed point of the frame ； the second, so to pro* 
portion the dimenaioiiB of each purt lluit it ahaU reskt, without danger of rapture, 
the strain thrown upon it Hie fint part depends for its eolation on the two 
Amdamental propoellioDB of statics ； the parallellognun of forces and the theo- 
rem of moments. Hie second is but an application of the preceding fonnulas 
in this note. 

Solid Built Beams, ~~ The resistance offered by this class of befuns to a cron 
strain wfll depend on the maimer in which the pieces are placed together, and th« 
connexion between their surfiuses of contact In beams like (Fig. 67), p. 171, 
art 602, m which each course m formed of two or more beams abattmg end to 
end, and all the eonnes are fiimly aecared to each other, to that the mur&ces in 
eontaet cannot slide on each other, we may regard the BtreDgtfa of the beam, 
rappoaing the oounes of equal thickness, aa equal to that of a solid beam havine 
a depth equal to that of the built beam dimioiabed by the thicknesB of one coufw. 

Where eadi courae conflistB of a single beam, and the whole are united so m 
to prevent sliding (Figs. 69, &c.), then the reaiBtance offered my be regarded 
the same as that of a Bolid beam of equal depth. 

Adopting tiie same notation, as in the piecediog part of the note, for beams 
«f reotaognlArcKMB lectioi, the fonnulas for a solid beam, on pp. 886-7<-8, may 
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be used m these caMt of bidlt beams, under like dremnstaiices of the pOMfta 
of the beam and the point of appUoation and iiSreclion of the stram. 

The formula at the Dottom of p. 389 ib applicable to this daas when sub* 
■litted to a strain acting at any point between the centre of the beam and Hs 
points of support. 

In all such cases, however, the liability of the beam to Imak at one point rathei 
Hum another, owing to the manner in which it is built, must be careAiUy eon* 
fiidered, and a Buitable modification of Hie formula be made, if requisite. The 
quantity R also, which enters into the fonnulaa, and wUch for solid timber it k 
stated should be reduced to 120011)8. in cases of practice, may be farther 
reduced one-third in such cases, to be on the side of safely. 

Open BuiU JB^oms.— In this class of beams (Fig. 63), p. 172» in wluch the 
breadth and depdi of the solid parts at top and bottom is the same, the relations 
between t)ie weight that the beam will bear with safety appii^ at the eentze 
point between the supports, and the other quantities will be 

m which R' is the reduced value of R. 

Sdid Beams.— From the foimula (D), p. 386, by rabstitating R' for R, then 
obtains 

which gives the relaAions which must exist between the wogfat and ^iimgn^ftiM 
of the beam, in order that the strain on Uie unit of surface of the fibres ahall not 
exceed the quantity R'. If, in addidon to tiie strain ariaing from W applied per- 
pendiculariy to the axis of the beam, there was another W acting' puailel to fbe 
axis, 80 as either to oompraw or ezteDd the fibres, tfab would eawe a atram on 
the unit of suiftoe of the erosB aeetion exjj^^oased by 

In order, therefore, that the total strain arising from W and W, implied f» bete 
BQppoaed, ahall not exceed that which the unit of oroes acictioii caa be sabmitted 
to with safety, there must obtain . 

If we now suppose a beam (Fig, O), finU 
esed at one extremity, to be snlyeoted to 禽 
strain applied at the other obliquely to tbe 
axis, we can regard the obOqne strain am 
replaced by its two componenta, the one per* 
pendlcular the other paralleLto llie axis <^ ilia 
beam. Repreeentiii^ the peipendiealw earn* 
poneot by W, and ptnllel one bj W, tbt 
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qiMBiHliM M in the pneeding In Mdar that tbo itnlii (ffl tha unit of ana of 
the aam tetdoii dnil not exeeed R'. 

When m pnmm, or » force of eztenaoD fa af^iUad 
parallel to die uis 。• ' 一 _ ~ " 
same line wtth It, its rffaets will be to compfeas, or extend 
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U be to com[M«a8, or k 
th« beam tatfaedinettooof lheaxia,uid topro^iMaoroM 
1 tiw fibra% owing to tlw taadsaer to beDdUM 



SiQpiNlivKT«tiMlbMm&a,fiMtMiedatthe ^tiakA, 
-J and* wri^tWif^UedittlwazkcmitrofiiiollMrbMm 

Ta^^ ' A fimlj oonnectod irith the fint, and pcrpandiBiilar to 

Ua ui& The eompraMtn of 1.1, fa 1b»dindfaB of 4m 



iprMdcnof Ai,fa1b»di 
uii wm be equd M die mtto mii^ W, and that • tt> 

vUlbe 



UDU«f aiwK 



birtddi(btbclmiiUi.aiid4llfa«thidaiMof Ai,1balBttorMliiiMtod 1b «m 
jilnw dmragh the aib in iriddi flw fbna aeta. 

IkiiuaiantirillbeaqHltodMmMMntofnvtanitfflM AbcM^or 
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Let die CM 
^ned beam, A B, wUcb iMto on A kniuKW 
tal nuftM ▲ wbUgt the upper ind Bm 
against a TertiMl mu&oa bg, tita beui 
Imteg ft irrigbt W, sn^Mnded Hrem its 
ndddla ptdnt ol 

lUpmmt hj I A* 1n«& 1.1^ 
bMBSi nd I? <i lb* aigla battmn Its Mdi| 
■ad the TMlioal wt o. 

Ltning out of Bonndenlloii tbe Mettoa 
between the Ibot of die beam ud th» 
hoiteontal wir&ea on wUefa It rMt«,itiB 
* eritot flut tbo metton of tit* wlfad 

MuftM agiiiBt the upper end would cuim the beam to lUds along ao, mi 
IW to pcarent lUa, ^ end, a, mnat be wmfinad. Hm tenden^ rf W, tiww 
fan» «m b« to tuv beam noimd- tlw potat tUa iriU b* MnUnottd 



by the rdsdion of b, acting horizonteUy. DeaigmUing Jus foiae of melioii at 
B， by P, there obtainB from the theorem of momenti, 

, PxadssWxab; 
•r, substituting for ▲ d and ▲ e their respective viiaes, I oos. a, and i I ul «. 

P = i W tan. a. 

Bv confining the foot of the beam, an equBl horizontal force b called into 
play at a« whilst the total weight, W, is supported at the same point The total 
preasure at ▲ will, therefore, be the resultant of these two f<»oes, which an 
perpendiculur to each other, umI will be ezpresMd by 



Or representing by Ab and Ac the directions and intensifies ofllie two tonem, 
W, and i W tan. a, the diagonal, Ad, of the rectangle will repreaent the direction 
and intensity of the resultant 

Haying thus found the magnitude, direction, and point of application of the 
two foreeB, there b next to be considered the stnins to wbkh they sulyect the 
fibres. To do this, the beam may be regarded as confined at the point o, tiie 
lower portion, oa, being acted upon by the two forces, A b and Ac, at tte p(M&t 
the upper portion, on, by a horizontal foice equal to a b, at the pomt B 
BeeompoflSng the force Absi W tut a, peipendiealBr and {laraUel to the azn 
▲ the componentB will be wpwmted req>ectively by 

1 WtML««Mk«; ud i W ten. a riiL & 

The oomponenta of W in the aame cHreotioiu ue 

W siiL a; and Woos. a, 

A wOl be obseiTed that the components peipendiciilar to the aada, and wUdi 
nrodnoe a croaB Btrain, act in oppodte directions with an inteDaity equal to tbeir 
diflbrenoo ezpreModby 

W flln. a » i W tan. a cob. a=| W am. a. 

The components parallel to the axis act in the aame direetion, compraaring 
fibres with an intenaily equal to their Bum, and expressed by 

Woos.a + iWtan.aain.as Weoe.A(l + i tan. 'a). 

Representing hyb^ broadth, and the depth, of Hie beam esdmated in tl» 
^ane of the foiees, ，there obtams, as in the preceding caae, to represoQt tfao teit 
of the itnun on the unit of area 

It =i w + 

Considering next the upper half o b, which b acted on only by the horiioiitel 
foioe at B, equal to 4 W tan. a ； the componentB of tUs foioa, peipeodiciilir $ad 
the 



Itnllel to the aiia. are 

iWtHi.aeot.a; 



The peipencBenlar oomponent prodnoiur a eron strain, and the parallel one 集 
■tnin of eompraaiioD. To exproM the limii of the strain on the unit of ut^ 
tat thb portion, there obtains 

〜 《 Wdn. I , ， Wtan. Asin. a 
B = • ""^ 57 ~ + * 





To prevent the flenire of a horizontA- 
as A B (Fig. R), confined at one end, 
rastttning • weight at the other, aa 
strut D is plaeed beneath it, 
agUDBt some fixed point aa d, and 
the beam at some point between ▲ 
'else a tie is used leading firom a 
point c, to 8ome fixed poioti m s above* 

Reprownt by 2 the distance a c, by that 
b; by a the angle that the axis of tiie stmt 
makes with the verticaL 

As the pdnt o is fixed, the weight W, act- 
ing at b, will tend to torn the beam aroimd 
this point) and this wfll call into plmy a yer- 
tical foroe at the point ▲ which, from tlio 
theorem of momentB, b expressed by 

the filed poht c, tiierafoie, tnMtsm a vertical effort whkfa b equal to tiie ran 
of thb foree and W, and is ezprened by 

w+ w+=w 

it b gopported by the 8trat» the vertieai foroe at o may be 
to omnponentB in the direction of the axes of tlie strut and 
stmt wfll be ezpretted by 




w / 丁， ， 

and wfll eompreat It in the cDreelion cd. The one along theaibof the beam b 

and will produe* a *tmiii of eztenaion on the part a g of Ihe beam. Hifapor. 
tkm AciB, llierafore. Miljeeted to a crow stnin, which tends to rapture it at 

ftom ibe fcfte j " the point and to eztoDalon from the foroe aoling along 
ftoasdk Am obtadui thmlbni to the iintt of the itraiii on vmt 
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Fir die strat thm obtains, 



+ 



TTFT 



V and i bein^ Hie two sides of its roctangiilar eroas secdoiL 

If the beam ▲ b (Fig. S) u supported by a vertioa. 
post A B firmly festened at a, the Btnuna on the strai 
and the part ▲ o will be efiiimated as in the mm 
just examined. Ab to the strains on the poet, it will 
be observed that the force ading along the Btnit» and 
which is repreaentod by 

W 




will be tnmsmitted to tiie point d. Tbb wQl be equi- 
valent to a horizontal foroe repreaented bf 



W 



T 



and a vertieal one lepreaented by 



W 



T 



■etiiigat a 

F^om tlie oonneiioii foniMd by Hie tfarni between horiKtttal beam and 
the post, the effect of these two components will be to eanae a pmnira on lfa» 
part D I of the post, which will be equal to W; and taprodnoe aeroBsstiain by 
the hoiizonUd foroa, the moment of IUb foioe being eiprened 



W 



tan. X 
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To ezpreas, therefore, Ihe limit of the strain on tbe unit of«raa of this jMrt b 1| 
there obtains 

W ^ 



In fike manner, tiie part ▲ d will be sabjeeted to ft cross iftHihi frooi tli0 lioit 
lontal foroe aboye-inenlioned, v^ueh fends to dune rapCnre at the point D| aod 
to a strain of eztenaioii, acting upwards along ▲ D| from a fcrlhil fom al ▲ 

Itw tfmttof the ilnfa^ tlierefore, on tUa portion wQl bt 

『L 6w(! + r) 丄 wr ^ 




B7 comparing the two expressions (X) and (Y), it will be seen that they wiC 
be equal ^en 1=1', in which case the post will have an equal tendeney to 
rapture at D»or Jii aiqr pcMitt of the portion db. When 1 < •!' ttien th6 tend* 
mey to rapinre ii nrtfcnr m tbs put d i, than at d. 

The d&Kiinion of . the strainB on (Figs. R 
and S) natonlly leads to a consideration of 
• eomblnalioiifl of beams represented m (figs. 
R' and S'). 

In comUnationa of this kind, the simplest 
and safest plan cbnatsts in tuppofliiig the 
frame resolved int# partoy vaA that either 
alone will be strong' enough for the object 
in view, and to rmid Iheir combiiiatloii aa 
affordbg an excess of Btrength sufficieDt to' in- 
sore perfect safety fik>m rupture. In (Hg. R'}i 
which ooDBists of a horizontal beam, resting on the points of support a, ▲', 
and supported at the intermediate points c, </, by Birate d 0, d' finnly oon- 
neoted with the beam, and at the fixed points, ]>, d'; the beam, in the first plBce, 
may be regarded as alone supporting the weight, W, at its middle point b, and 
the area of its cross aeetion be so detormined, that the strain on the unit of area 
flhaU not be greater than &e limit fixed on. Having calculated the dimenaions of 
the horizontal beam in this maimer, the weight may, in the second place, be 
regarded as supported by the portion c(/ of the beam, and the two strute d c 
and d' in which case the strains on these parts, and their limits on the unit of 
area of their cross section will be determined by conddeiing, that at the points 
3 tud cf a vertical force 1 Wis acting, the oomponentB of which in the directum 
D and B are respectively 

W 

Repreaentiiig by V and d' ihe aides of the mm wetfoii of tbe stmt, there 
obtainn to express the limit of the stnin for it • 



R' 



W 



For the portion of the beam 00', it may be regarded as confined at its middle 
point, where W acts, and sabjeeted to tiie two forces i W， and * W tan. a, tlM 
fint producing a erom strain, and Ihe second one of compreaaion in the direction 
of Hi axis. Repreaenting the distanco b g therefore by f , there obtalni to 
0zpreM the Umit 
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RpptMCDthig by 2 the dlfiluioeAC»tliera obtaiotto «ipMi tiM lUi|WlM« 
the boim ▲▲' aloM ivtaiiw tli» wdghii 
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g the two values of R' in the expnoioM (X 
the eombinaidon of the rtrats and izM pMoe c& 
tbe beni ▲ alone, when 



wBLhi 



tan. a < -j-. 

In like maimer in oomlinaiioiis like (Fig. 8^. 
in which the pdnts of rapport are two port^ 
A E， and s', firmly fiutened st ' and s\ w» 
may regard, In the fint plaooi Ifae beam ▲ ▲ 
and the two posts as alone soBtaining tbe an 
tire weight W, implied at b, the oenin point of 
A a', and ascertain tbe Umlte of the strains to 
which these pieces cin be iMpectively sob* 
I B i jected Then the weight may be considered at 

H |p m p Bustamed by the portion cc alone, the two 

MB W^k struts, G D, and d d'， and (fae posts. Hkyinff 

Fig. B', ascertained, as in (Fig. S)， the stndiiB on thew 

ports, and the limitB to which they can be sab- 
Jected, if it be found that either of these comlHiiatioiia alone will be sufficieUl, 
•tronff, then will the entire combination have ftQ 6XC6BB of 8tr6D^[fiL 

As Hie beam a a' is finnly connected with the poets at ▲ and ▲'， a stnin of 
eztennon will be thrown on Hie portion ▲ c, from tlio preasure at d letfog 

W 

through the ■trot o p, which pioawuo is represanted ly 。 一一 ' This agrii 




mtj be regarded as eqnlTaleiit to a hoiizonUd and a mtical force re^eelif«^ 
repmented by 

Wtan.a , W 
t and — — • 

a a 

Eepraenting hy and h' ^ drntance x d, and t a, liie horizontal fom frfl 
cnse a itnin at i^iMsting in tiie direetion ac to extend this put repreMHitedby 



and one at the fixed point x represented by ' 

3 (h + h') * 

ne0e two oomponents of the hoiisontal force at d will CTTH6 ft CTOM straiA OP 
the post We may, therefore, regard the port as eonfined «t the point d, aod 
%B portions on each ride or d saljeeted to a eon stnin from Ifae horixoiitiii 
compoDentiy Hie momenta of which com] 
My nprneotod bj 



m: 



■ad torn itrain in tlie direetion of the axis repmented by .1. The limit tfam 
fore, of the strain to which the post ean be Biibjeeted will be 

is wldeh y and rf' are the Mm of the reotengnUr oross seetion of the post 

Straining md Tie Beam. — 11 the strata c,d， d' (Figs. R',80« insteaf 
of being oonneeted with the beam ▲ ▲', abatted aifaioBt • straining beam plaeec 
beneath the portion c c', as shown by the dotted line, then the horizoDttl Btnm 
on the beam ▲ ▲', from the action of the strata, would be borne by the stnin- 
ing beam alone. ThtB portion of ihe frame, composed of this beam and the por« 
ti<m c c' of the beam ▲ ▲', may be regarded as a amnie beam Bubmitted to 
a cms wMoi from the weight W, and to a stnin of oompreaaon on the sMn* 
ing beams alone from the horizontal component of the preasiure at the point c or 
C', and the relatiom between the limits of the strain on tbe miit of area and th* 
dtmemions of ihe beams be fonikt as m the previous cases. 

If the strata, instead of abutting at d and d' against the wall, or posts, were 
•onfined by a tie beam ahown by the dotted lines d d', this beam would relieve 
Iheae pobte from the horizontal praMOie, aad would itself be snl^jected to 集 
•Cnin of exteiuion equal in amount to the hoiizonUd strain on the gtniniiig 
beam. 

In the precediiig cases, the frime hu been eonadered aa subjected to the 
aefioa of a strain acting at one pomt alone ； if, in addition to tfais, the beam ▲ ▲' 
was snljected to a strain uniformly distributed along it, the vertical pressnros at 
c & and A would have to be increaaecL Repreaentiiig by lo the weight uni* 
formlj distributed on the unit of length of ▲ the total weight on the portion 
▲ will be represented by w Z, and tlutt on the portion b c by to f ; Ihe verti* 
etl preflsore at c aziaiiig from these two will, therefore, be ropreaeated by 

md tliis must be added to the vertical component of Wat the same point, fat aO 
Ihe pneedbg fommlai, to make tfaflm applicable to this case. 

Combiiialiona, Vke (Fig. T), eom- 
poMd of two inclined pieces, ▲ o 



400 



伊 



he ease of tho rafters of a roof tniBS, to vvstain a pmsnre miifonnly iistrf' 
butod oyer the two inclined pieces. 

Repreaentiiig by p and q、 the angles between the inclined pieces, and th« 
vertical through a, the components of W, in the directions ▲ B and ▲ c, wfl. 
be respeetiTely repretented by 

«nd the boiftontal pieuauro st 'A^ wfafeh to the same a» llio lionzonlid sMn at 
th8 poiata b and o, b represented by 

an. (|i + 9) 

£aoh of tQ«ie bMU may, therafbro, be regarded at eoofined at their lower 
pobtei and salijeoted at their upper ones to the strains in ihe direction of their 
KM jvst detenomed; and fimn these the nUdona betvreen the Umits of the 
slrafai on the tomit of ma and thedfaMoalont of the beams can be detennmed as 
in the preceding examples. 

When the angle p is equal to q、 the strams in the diraetion of eadi beam will 
1w wqirMBedby 

W 

and the hoibontal strain by 



Were the beams In this last case, instead of supporting a vertical pressure at 
toe point a, each subjected to a vertical strain applied at any point between ▲ 
and the foot of each beam, it is obviooB that each would be fax the same condi- 
tion as the one (Fig. Q), and that tho horizontal strains at the points B,aiul 
c, those in the direction of the axes of each beam, and the total pressure at b 
and G, woidd be found as in (Fig. Q) ； and from these the relations between the 
dimenaioiiB of the beams and the limit of the Btnin on the unit of area be in like 
manner determined* 

The api^cations of the preceding problems to the analogous eases of tacam 
compoaed of rigid nutteiials, as timber and iron, will be readily seen on a com- 
of the forms in Art fi07, and the following, with those -wbkh have just 
iljectB of examlnalioii. The main difficulty in each case will be in 
tiiose strains both in intensity and direction^ which ariae from the 
atftion of the component parts of the frame, and this will be most 
overoome bjsnppoBing the parts preBsed against removed, and Hieir reoat- 
by forces aoting in the samo directionB as the resistances ； as, fo 
•zample, in the ease of (Fig. Q), where a hoiizoptal force at b m^t be mad« 
to repUee tlie retistanee of the widl against ^ch the beam rests, &c. 
Ib all OMM, mmimr, whm a strict equilifarium does nof obtain, Mtfaer I 
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tbe strains bein^ transmitted to fixed points, or by equal ooantoraoting forces, 
the stability of the framing will depend on the joints, or connexions of tbe 
beams; and whereTer there is a tendency to the rotation of any one of the 
beams around a joints it most be prevented by the introdaotion of a Btrat or Ue, 
■o placed as to hold the beam, liable to this moTementi in • fixed poainoiu 
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Lgnculture, etc. 一 agricultural 

CHBMISTRr. By Justus Liebig. 1 vol., 12mo, 
cloth, $1 00 

AGRICULTURAL CHEMISTRY. Prineiples of. 
With special referenoo to Ute researches in Eng- 
land. By Jastui Liebig. 1 vol., 12mo, cloth, 75 

AGRICULTURE. Letters on Modern. By 
Jattos Liebig. 1 toI., 12mo, doth, . . 1 00 

FLAX COTTON. Directions for the CuUiration 
of FUz and Preparation of Flax Cotton. By 
CheT. Claaieen, ... 25 

FRUITS AND FRUIT TREES OP AMERICA. 
Culture, Propaj^ation, and Management. By 
A. J. Downing. Revised by Charles Downing. 
1 vol., thick 12m 0, plates, 3 00 

OARDENINO FOR LADIES AND COMPAN- 
ION TO THE FLOWER GARDEN. By Mrs. 
London. Edited by A. J. Downing. 1 vol., 
12mo, elotb, 2 00 

HORTICULTURE. Lindley's Hortioultare. 
With additions by A. J. Downing. 1 vol., 
12mo, 2 00 

LANDSCAPE OARDENINO. Uow to Lny Oat 
a Garden from a quarter of an acre to one hundred 
acres in extent. By Edward Kemp. 1 toL, 
12mo, cloth, nnmeroufl plates, . . . . 2 OO 

ROSE (THE). Its Hwtory, Poetry, Caltare, and 
Clatsification. By S. B. Parson. 1 vol. 12mo, 1 25 
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LrcMtecture, etc. 一 architecture and 

PAJNTINO. Lectures on. By John Buskin. 
1 ▼ol., 12mo, plates, cloth, 1 50 

ARCHITECTS— LECTURES BEFORE THE 
SOCIETY OP. By John Raskin. Pamphlet, 15 

CARPENTRY. THE AMERICAN HOUSE 
CARPENTER. A Troati'e upon Architecture, 
Cornices ami Moulding-, Framing, Doors, Win- 
dow, and Staira. By R. O. Hatfield. 1 vol., 
8to., nnmerooa plate', cloth, 3 50 

CARPENTER AND JOINER'S HANDBOOK. 
A usefal book for Carp«nters and Wood Workers. 
By H. W. Holly. 18mo, oloth, 75 

COTTAGE RESIDENCES. A Seriea of Defigna 
for Rural Cottages und Cottage Villas, with Gar- 
dens and Ground*. By A. J. Downing. 1 vol., 
8ro., plates, 3 00 

HINTS TO YOUNO ARCHITECTS, AND TO 
PERSONS ABOUT BUILDING IN THE 
COUNTRY. Bdited by A. J. Downing. 1 vol., 
870, 2 00 
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SEVEN LAMPS OP ARCHITECTURE. 
John Rutkin, author of "Modem PuioterB." 
1 vol., 12mo, platM, oloth, 1 75 

Issaying. 一 a treatise ojt the assay- 
ingTop lead, copper, silver, gold, 

AND MERCURY. By Bodemann and Kerl. 
Translated by W. A. Goodyear. 1 vol., 12mo， 
cloth, 2 50 

Istronomy. 一 a treatise on astron- 
omy. Designed for Colleffes, High Schools, 
and Aeademies. By Prof. w. A. Norton. A new 
editioD, entirely reviaed, largely re- written, and 
brought up to present lima. 1 voU, 8vo 3 50 



Blowpipe Analysis. 一 a treatise on 

THE. By Prof. C. J. Brush. (In preparation). 

Bookkeeping and Accoxmtantsliip. 

ELEMENTARY AND PRACTICAL. In two 
parts, with a Key for Teachers. By Thomas 
Jonea, accoantanc and teacher. 1 vol., 8ro, 
cloth, $2 50 

SCHOOL EDITION. By Thorofts Jones. 1 vol., 
870, half roan, 1 60 

SET OF BLANKS. In 6 parts. By Tboma, 
Jooe,, 1 60 

DOUBLE ENTRY ； Results obtained from Single 
Entry; Equation of Payments, etc. By Thomas 
Jones. 1 vol" thin 8vo, 75 

Chemistry. 一 an elementary manual 

OF QUALITATIVE CHEMICAL ANALYSIS. 
By Prof. Maarico Perkins. 1 vol., 12 mo, 
cloth, 1 00 

A MANUAL OP QUALITATIVE CHEMICAL 
ANALYSIS. By C. R. FreBenius. Edited by 
Prof, Johnson. 1 roL, 8vo, cloth, . . . 4 50 

A SYSTEM OP INSTRUCTION IN QUANTI- 
TATIVE CHEMICAL ANALYSIS. By Dr. G. B. 
Fresenias. 1 toL, 8vo, olotb, • • • • 

ELEMENTS OP CHEMISTRY— THEORETI- 
CAL AND PRACTICAL. By Wm. Allen Miller, 
M. D., LL.D. PART I.— Chemical Phybicb. 
1 vol., 8?o, 4 50 

PART II. 一 IiroKOARio Chbxistrt. 1 roL, 
8ro, 

PART III. 一 Orgaitio Cbxmistrt. 1 vol 
8vo, 
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Clock and Watchmaker.— new and 

COMPLETE CLOCK AND WATCITMAKER'S 
MANUAL of French, Swiss, and English Clock' 
and Watches, Cleaning and Repairing, etc., etc. 
By M. L. Booth. 1 toI, 12mo, plates, . . 2 00 

Drawing, etc. 一 coe's drawing cards. 

ContHiniog the latest Drawing! of B. H. Coe. 
la five aeriesi m follows, in neat oorora : 



U 
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DRAWING FOR LITTLE FOLKS. ， . 

2. 

FIRST STUDIES IN DRAWING. Complete 
in 3 numberB of 18 CardB each. Per No. . 



8. 

COTTAGES, AND INTRODUCTION TO 
LANDSCAPE. 4 nnmben of 18 Cftrds each. 
Per No 87i 



tt 



tt 



tt 



EAST LESSONS IN LANDSCAPE, 
ben of 10 Cardi etoh. Per No. . • 
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5. 

HEADS, ANIMALS, AND FIGUBBS. 8 num- 
ber! of 10 Cftrds each. Per No 87i 



COPT BOOKS. Of Good Qnalitj and Propei 
Siie, 37] 
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Descriptive Geomety, Drawing, 

etc. 一 DESCRIPTIVE GEOMETRY. Ap- 
plied to the Drawing of Fortifications and Stone 
Catting. By Prof. D. H. Mfthan. 1 vol., 8vo, 
plates, . $1 60 

" INDUSTRIAL DRAWING. Comprising Use 
of iMtruments ； Construction of Figures ； Pro- 
jections; Elements of Mecbanum ； Topograpbieal 
Drawing : etc. With nuineroaa plates. Bjr Prof, 
D. H. Mftban. 1 vol., 8vo, cloth, . . . 2 50 

" ELEMENTS OP DRAWING. 1 vol. 12mo, plates, 
cloth. By John Ruskin, 1 00 

" TOPOGRAPHICAL DRAWING. A Manual for 
Engineers and other'. Bj Prof. R. S. Smith. 
1 voL, 8to, numerous plates, cloth, . . . 2 00 

" DESCRIPTIVE GEOMETRY. General Prob- 
lems from the Orthographic Projeotiona of De- 
icriptWe Geometry, etc. By Prof. 8. £. Warren. 
1 vol., 8vo, plates, 4 00 

" DRAFTING INSTRUMENTS. A Manual of 
Drafting Instruments. By Prof. S. E. Warren. 
1 vol., 12mo, plates, cloth, 1 25 

" ' GEOMETRICAL DRAWING. Manual of 
Elementary Geometrical Drawing. By Prof. S. £. 
Warren. 1 vol., 12mo, plates, .... 1 60 

" ELEMENTARY PLANS PROBLEMS. This 
work is designed to embrace, in a cheap and por- 
table form, a fuller collection of Pin no Problems 
than can elsewhere be fuund in a separate work ； 
and 18 intended for a text book aa well m for 
general use. By Prof. S. Edward Warren. 1 vol., 
12mo, 1 25 

" SHADES AND SHADOWS. General Problems 
of Shades and Shadows, formed both by Parallel 
and by Radial Rays, and shown both in Common 
and in I«oineb-ical Projection ； together with the 
Theory of Shading. By Prof. S. Edward Warren. 
1 vol., 8vo, platesy 8 50 

" OIL PAINTING. Hand Book of Oil Paintiog. 
Adapted for a toxi buuk and for self instruotion. 
1 vol., 12mo, clutb, 2 00 

** PERSPECTIVE. ELEMENTS OF PERSPEC- 
TIVE. Arranged for the use of schools. By 
John Kuskin. '1 vol., 12mo， clulh, . . . 1 00 

" PERSPECTIVE. MANUAL OF LINEAR 
PERSPECTIVE. Form, Shade, Shadow, and 
Reflection. By Prof. R. S. Smith. 1 vol., 8vo, 
plates, cloth, 2 00 

" PERSPECTIVE. MANUAL OP LINEAR 
PERSPECTIVE. By frof. S. E. Warren. 1vol., 
12iuo, cloth, 1 00 

Dyeing and Calico Printing. ― a 

PRACTICAL TREATISE. By an experienced 
Dyer, With a Supplement bj Bubert Macfarlane. 
1 vol., 8\ro, numerou3 plates, 6 00 

Electricity and Magnetism. ― b， 

William Allen Miilor, M. IX, LL.D. 1 vol., 8vo, 
clotb, 2 5U 

Electro Metallurgy. —— elements of. 

Bjr Smee. 1 vol., 12iuv, 

Engineering, etc. — American- engi- 

KEEKINQ. lUustruted by Inrgo detailed en- 
gravings. In 20 xaumben, folio. By Q. Weis- 

eenboFD. 86 00 

do. * do. 2 vols., half morocco, . . 42 00 

" LOCOMOTIVE ENGINEERING, AND THE 
MECHANISM 0》 RAILWAYS. A Treatise on 
the Prinoiplet and CoDstruotion of the Looomo- 
tire En^ne, Bailwaj Garriaget, and Railway 
Plana. Illustrated with sixtj Urge engravingf 
and nameroui woodcuts. By Zerab Colburo, C. E. 
Complete In Two Parts. Part I" 1 vol., 4to, 
elotb, 11 00 



Engineermg, etc. 一 civil engikeb 

ING. ELEMENTARY COURSE OF. Bj Pn 
D. H. Mahan, of Weat Pulnt. 1 toL, 8ro,«i 
nameroaa oats, , . ^$4 1 

" MECHANICAL PRINCIPLES OF E56 
NEBRIKG AND ARCHITECTURE. Mm 
lej. Edited, vith addidons, by Prof. D. H. If aba 
1 vol., 870, . 5 ( 

" MOLESWORTH'S POCKET BOOK OF 

NEBBING FORMULA, li 

Hebrew Oramxnar, etc. — a gram 

MAR OF THE HEBREW LANGUAGE. Va 
copious Appendixes. Bj Prof. W. H. Ones. I tu 
8wo, doth, S i 

" AN ELEMENTARY HEBBEW QRAMMll 
With Tables, Raadinjr BxoruUef, aad Voe»hi 
lary. Bjr Prof. W. H. Oroen. 1 toL» 13m 
cloth, ■ 1 il 

" HEBREW CHRE8T0MATHY ； or, Lems I 
Reading and Writing Hebrew. 1 roL, — 
olotb, '.Si 

Horse Bailwitys. 一 street or hobsi 

POWER RAILWAYS. By A.* BmIod, a \ 
1 voL, 12aio, plates, cloth, 2 囊 

Iron, etc. 一 cast and wrought. Applied % 
building parpoaes. By WilUam Fairbain. 1 ？ 
8vo, clotb, 2 钃 

" FRENCH. HISTORY AND PROGRESS 01 
THE IRON TRADB— From 1621 to 1857, is ill 
United States. 1 vol" 8ro, doth, . . . SM 

" TRURAN, W., ON THB IRON MAJHTAC. 
TUBES OF GREAT BRITAIN. 1 toL, fbl^ 
(London edition), platM, St M 

Lead Pipe. 一 collection o? repo&is 

AND OPINIONS OP CHBMIST8~0b ih« na 
of Lead Pipes for eorvice pipe in the dUtribotiM 
of Water. By J. P. Kirk wood, C. E. 1 t«L, Sn, 
clotb, 151 

Marine Boilers. 一 treatise ok thi 

MARINE BOILERS OP THE UNITED 
STATES. 1 vol., 8vo, clotb, 1 il 

Medical, etc. 一 bronchitis, a Tmtue 一 

Diseasefl of the Air Passages, mud thoM aiSNj 
tioni of the Throat called BroBchitis, ctc,,«Mj 
By Horaoe Green, M. D. 1 70L, Sto, pUta^ S 

" CONSUMPTION. A Pr«etieal Tn&tise 00 
raon&ry Tubercalosif; embracing iu Hi 
Pathology, and Tre 氤 lment> Bj HoncQ 61 
M. D. 1 vol., 8yo, cold pUtat, doth, . . i 

" CROUP. The Pathology of Croop, witli 
on its treatment by Topicid HedieaU«o. 
Horace Green, M. D. 1 toL, 870, . 

" FAVORITE PRESCRIPTIONS. 

from Favorite Prescriptions of liriDg Abi 
Praotitioners. B7 Horace QntD, MJ), ' 
1 vol., 8vo, 

" LARYNX. The Sorgieal Treatmeafc of 
Polypi of the Larjnx, ete. Bj Uonn ~ 
M. D. 1 Tol., 8vo, 1 

" HINTS TO MOTHERS for th« Maoafw«Bt< 
Health during the period of Pnguaatjt^i ' 
the Lying-in-room, etc, etc Bjr Dr. _ 
Ball. 1 ToL, 12mo, 

" HYDROPATHY. QUIDB TO HTDBOPAl 
or Every Man hif own Doctor. Bj 
1 vol" 12mo, doth, 

" HYDROPATHY. THB THBORT AKD W\ 
TICE OF HYDROPATHY. Intended f«f 1 
use. By H. Francke. 1 roL, ISmc^ cloth* 1 
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KodicfkU etc. 一 hydropathy, results 

OF HYDROPATHY ； or, Conaiipadon notftDis- 
h ease of the Bo 冒 el' — Indigestion not a Ditfease of 
the Stomach. Bj Dr. Edward Johnion. 1 vol., 
• 12mo, cloth, $1 00 

" HEALTH OF WOMEN at tbo Critical Period* 
of Life. Bj J. S. TUt, M. D. 1 voL, 18mo， 
doth, 50 

酺 MICROSCOPICAL DIAGNOSIS. TREATISE 
ON. By Qaataf Von Buben. 1 vol., 8vo, 
doth, 1 00 

Military, etc. 一 • advanced guard, 

OUTPOST, AND DETACHMENT SERVICE. 
Bj Prof. D. H. Mahan. 1 vol., 18mo, plates, 1 25 

" PIELD FORTIFICATIONS. A Treatise on, 
with numerous illuBtratioDs. By Prof. D. H. 
Mahan. Eolar^d, 1 tuI" 8vo, cloth, . . 3 50 

* PERMANENT FORTIFICATIONS. ATrentiw 
on, with plates. By Prof. D. U. Mfthan. 1 vol" 
8ro, cloth, 5 00 

M FORTIFICATIONS AND STONE CUTTING. 
DetcriptiTe Qeometry applied to the Drawing'of. 
By Prof. D. U. Mahan. 1 vol., 8vo, plates, 
cloth, 1 60 

Mining and Metallurgy of Gold 

AND SILVER. By J. A. Phillips, Mining En- 
gineer. 1 vol, 8vO| nearly ready. 

UaCllilliSt. 一 THE BOSTON MACHINIST— 
for tho Apprentice and advanoed Machinist ； 
showing buw to uiake and use 6Tery tool. With 
a Treatine on Screw and Gear Catting. By 
Walter FiUgerald. 1 toI., ISioo, doth, . 75 

JEiscellaneous. 一 art of memory. Pheno. 

Mnemotttchny ; or, the Art of Memory. By 
FraDoifl FaoTel Gourand. 1 vol., 8vo, . 3 00 

" PHENO - MNEMOTECHNIC DICTIONARY. 
Being a cUs'ificaiion of I'ue Homophooio words 
of English Language. By Francis F. Qoarand. 
1 Tol., 8vo, 2 00 

" AMERICAN ANTIQUITIES and Researches in 
the Origin and ili，tury、of the Ked Race. By 

A. W. Bradford. 1 vul" 8vo, . . . . 1 50 

" CATALOGUE OF AMERICAN BOOKS. The 
American CHtaln^ue of Books, from January 1861 
to January 1366. Compiled by James Kelly. 
1 ToL, 8ro, net ca^h, 5 00 

« CARLYLE»S HEROES AND HERO WORSHIP, 
and the Ueroio in Uintory. Bj Tbomaa Corlyle. 
1 vol" 12tuo, cloth, 1 00 

- CBEEVER. CAPITAL PUNISHMENT. A 
Defence of. By Rev. George B. Cheevor, D. D. 
Cloth, 60 

" CHEEVER. HILL DIFFICULTY, and other 
Hifcellanies. By Kev. George B. Gheever, D. D. 
1 vol., 12 議, cloth, 1 00 

« ClIEBVBR. JOURNAL OP THE PILGRIMS 
AT PLYMOUTH ROCK. By Geo. B. Cheever, 
D. D. 1 vol., 12ino, cluth, 1 00 

« CHEEVER. WANDERINGS OP A PILGRIM 
IN THE ALPS. By tieurge B. Choorer, D.D. 
1 Tol.y 12mo, cloth, 1 00 

* CHEEVER. WANDERINGS OP THE RIVER 
OF TUB WATER OF LIFE. By Rev. Dr. Geo. 

B. Cheerer. 1 vol., 12mo, cloth, . . . 1 00 

^ 撃 CHIXESB EMPIRE. Tho Middle Kingdom. 
A Sarrey of the Geography, OoTernmeiit, Educa- 
tion, Social Life, Artt, and Religion of the 
CbiDese Empire. By S. Welles Willi*m8. 2 vol 纖., 
12mo, plutef, 4 00 

« CORTES DESPATCHES. AddrMiad to the 
Biaperur Cliarlw 6tb. 1 vol., 12mo, . . 1 60 



MisoeUaneouB. 一 decimal system. The 

BxtonaioD to Weights and Measurefl in harmony 
with the Kaiional Currency. By J* H. Felton. 
1 Tol., 12mo, . . $ 75 

" HISTORY AND LIFE of Rev. Dr. John T&oler, 
of Strasbourg. With Preface by R«?. Charles 
Eingsley. 1 vol., 12mo, 2 00 

" INFIDELITY. The Causes and ConseqaeneeA 
or.— (Perversion: A Tale of the Times), by Rer. 
W. J. Conybeare. 1 vol., 12mo, cloth, • 1 00 

" KNITTING, NETTING, AND CROCHET. By 
Mrs. G 氤 again and Gore. 8ro, plates, . . 50 

" LEILA ADA : Tho Jewish Concert. Inclndlog 
her Diary. By 0, T. Heighway. 1 vol., ISmo, 
cloth, , . . 1 00 

" LBILA ADA : Relatives of. By 0. T. Heigh, 
way. 1 vol., ISmo, cloth, 75 

" NEW TALE OF A TUB. An Adrentare in 
Verse. Bj T. W. N. Bailey. With platea. 1 vol" 
12mo, 6U 

" NOTHING TO YOU ； or. Mind your own Bnai- 
nesfl. An answer to " Nothing to Wear." Plates, 
cloth, lb 

" PARIS SOCIAL. A Sketch of Erery-day Life 
in the French Metropolis. By Col. B. H. Addi- 
son. 1 vol" 18mo, cloth, plates, . . . 1 50 

" PENTATEUCH VINDICATED from ths As. 
persions of Bishop Colenso. By Prof. W. H. 
Qre«n, D.D. 1 toL, 12ino, cloth, • . . 1 25 

" PROVERBIAL PHILOSOPHY. A Book of 
Thoughts and Arguments, including 1000 lines, 
Bj M. p. Tupper. 1 vol., 12ino, clutb, . 1 25 

" POCKBT BIBLE— Storj of. 1 toL, 12mo, 
plates, olotb, 1 00 

" WALTON AND COTTON. COMPLETE 
ANGLER; or, The Con tern pUtiTe Man'a Recrea- 
tion. Edited by Dr. Betbane. 1 yoI., 12mo， 
plates, cloth extra, 3 00 

Polytechnic Schools.— notes on poly. 

TECHNIC OR SCIENTIFIC SCHOOLS in the 
United Statea ； their Nature, Position, Aim,, and 
Wants, 40 

URirORX in BIZB AHD BTTLR. 

Buskin's Works. 一 modern painters. 

5 Tols., tinted paper, bevelled boards, plate«, in 
box, 14 00 

do. do. half calf, 21 00 

do. dd. without plates, white paper, 9 00 

do. do. do. half calf, 17 60 

" STONES OF VENICE. 8 vols., on tinted paper, 
bevelled boards, in box, 7 00 

do. do. white paper, S vol'., clotb, • 6 00 

do. do. half calf, 12 00 

" MISCELLANEOUS WORKS. Inolading^SeTen 
Lampf of Arohiteotare ；" " Leotores on Arohiteo- 
tare and Painting;" "Two Paths;" " ElemenU 
of Drawing;" Elements of PertpeotWa ；" 
" Political Economy of Art," " Pre-RaphMlititm f 
** Coniitniotioii of Sheep-foldc ''King of the 
Golden River;" ** 8««aine And Lilies ** Leotar* 
before Society of Architect 矗 ；" " The Elhioa of the 
Doft ；" " Unto this Last ；" " Crown of Wild OUye." 
5 vols., on tinted piper, bevelled boardi, in 
box, 14 00 

do. do. 5 roll., half calf, . ... 21 00 

" SEVEN LAMPS OF ARCHITECTURE. 1 toI., 
12mo, cloth, 1 2i 

do. do. 1 Tol" 12mo, plates, elotb, . 1 75 

" LECTURES ON ARCHITECTURE AND 
PAINTING. 1 Yol., 12mo, elotb, plaUt, • 1 60 

" TWO PATHS. Being Lectures on Art 1 vol., 
12nio, cloth, pliites, I 25 
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JOHN WILEY & SOi;，S TRADE LIST. 



Bmkin's Works. 一 elements of 

DRAWING. 1 vol., 12ino, cloth, plates, $1 00 

ELEMENTS OP PERSPECTIVE. 1 vol. 12mo, 
•' clotb, . . , . • 1 00 

' " POLITICAL ECONOMY OP ART. 1 vol., 
12mo, 1 00 

f PRE-RAPHAELITISM— Construation of Sheep- 
folda 一 King of the Golden River. 1 vol., 12ino, 
r - cloth, 1 00 

SESAME AND LILIES. Two Lectures on 
Books and Women. 1 yoI., 12mo, cloth, 100 

" LECTURE BEFORE SOCIETY OF ARCHI- 
TECTS, 15 

'― THE ETHICS OF THE DUST. Ten Lectures 
to Little Hounewives, etc. 1 vol., 12mo, . 】 25 

" UNTO THIS LAST. Four Essays on the First 
Principles of Political Economy. 1 vol., 】2mo, 
cloth, 1 00 

" THE CROWN OF WILD . OLIVE. Three Lec- 
tures on Work, Traffic, and War. 1 vol., 12ido, 
cloth, 1 00 

" MISCELLANEOUS WORKS. Vol. 5, contain- 
ing " Ethics of the Dust," and " Unto thU Laat." 
Oa tinted paper, an i form with " Works." . 2 50 

" COMPLETE WORKS. On tinted paper, and in 
bevelled boards, including " Grown of Wild 
Olive." 13 Tola, in threo boxes, . . . 35 00 

Saw Filing. 一 the art of saw filing 

Scientifically treated and explained. With di- 
rections for pattiDg in order oU kinds of Saws, 
By U. W. Holly. 18mo, cloth, .... 76 

Screw Propeller.— A treatise on the 

SCREW PKOPBLLER, Screw Vessels, and Screw 
Engines. Illustrated bj numerous enj^avings 
nnd wood-cats. By John Bourne, C. E. Com- 
plete in two parts. Part I" 1 yoL, 4to, . 15 00 

Ship Building. 一 theoretical and 

PRACTICAL. Consiflting of the Hydraulics of 
Ship Building; or, Boajancj, Stability, Speed, 
nnd Design 一 The Qeometry of Ship Building; or, 
Modelling, Drawing, and Laying Off— Strength 
of Materinls as applied to Ship Building — Masts, 
Sails, and Rigging 一 Marioe Steam Engineering 
Ship BaildiDfc for Purposes of War. By Isaac 
Wattf, C.B.; W. J. M. Rankine, C.E.; Fred'k K. 
Barnoa ； James Robert Napier, ete. Illastrated 
with numerous fine engravings and wood-cuts. 
1 vol., folio, cloth, 40 00 

do. do. half russia, 45 00 

Ventilation. 一 ventilation in Ameri- 
can DWELLINGS. Illuetratod by nameroas 
plates. By Dr. D. B. Reid. 1 vol., 12ino, 1 60 



BEAUTIFUL PEESEHTATIOir VOLUMES, 

Printed on tinted paper, and elegantly bound in erape 
olothy extra, berolled boards, gilt head. 

RUSKIN'S BEAUTIES ； or, The Trae and the Beautiful 
in Nature, Morals, and Religion. 1 vol. 12mo, $2 50 

BUSKIN'S PRECIOUS THOUGHTS ― Moral and 

Religious. 1 toL 12mo, 2 00 

SUSKIN'S SESAMB AND LILIES. lvol.l2mo, 1 60 
BUSKIN'S ETHICS OP THE DUST. 12mo, 1 75 
KUSKIN'S CROWN OP WILD OLIVES. 12mo, 1 60 

WALTON AND COTTON'S COMPLETE ANGLER. 
Edited by Rer. Dr. Bethane. Plates, cloth, • 3 00 

THB VOICES OF THE YEAR; or, The Poet's 
KaleDdar. Containing the choicest Pastorale in our 
Language, for every month Id the Year. 1 vol., 8vo, 
pUief, fall gilt, cloth, extra, 4 00 



The Following English Publical 

will be sold from this dnte at same discount 
same terms as our own Publieatioos. Fall 
Catttlogaes gratis. 

Bagster's & Son's Bibles, etc" et 
Alford's (H., D.D.) Greek Tes- 

tameuL 4 vols., 8vo, dotb, 

Wordsworth (Chr., D.D.) Greek 

TestameDt. 2 vols., royal Svoj 41 

The Publications of the London 

Tract Society. 

Murray's Hand Book for Travell 
Black's " " " " 
The Picture Reward Cards of 

Campbell A Tadhope« Tract Society, and Gall A 
Ingles. Consisting of over 】00 varieties* 

The Sunday at Home. 

A Family Mngnzlne for Snbbath Reading. Is- 
sued in Monthly Parts. Royal Svo, nameroas 
wood gravings, and colored plates ； per year, . 3 ( 
The back vola., from 1853-61, cloth, each, . . 3 i 
The back vols., for years 1862, '3, '4, % and % 
enlarged sise, 3 I 

The Leisure Hour. 

A Family Journal of Instruction and Reoreation. ' 

with numerous wood engrarings and colored j 

plates. Royal 8vo, in Monthly Parts ； per year, 3 I 

Back vok., from 1852-61, dotb, each, . . . M 

do. do 1862-66, each, 3 | 

The Child's Companion. 

With nameroas "^ood engravings and colored 
plates. In Monthly Parta ； per jour, . . . 1 
Back voln., from 1881-66, cloth, each, ... I 



J. W. A SON Are AgenU for the Sale of 

The Beautiful Cambridge Bibles, 

and offer the same on the mo" liberml terms. 
Cataloguoa gratis. 

BeautifHil English Juveniles, 

on same terms as our own Publications. 

The Nursery Rhymes, Old & New. 

1 vol., ，q. 16mo, beautifully bound, illaatnied, 2 I 

Ward & Lock's Painted Toy Books. 

Printed in colors, rery beaatiful 一 " The Hoom 
that Jack Built," *• Death of Cook Robin," 
" Comical Cat," "Mother Habbwd," **Jtuny • 
Wren," "New Picture Alphabet," "Nancry 
Rhyme*/' " Greedy Ben," " Ntaghty Pap. 
pies," " Little Passj Cats." Per dos. ...61 



The Diverting History of John 

Gilpin. Illustrated by O. A. Doyle. Colored 
plates. Per doz 

Beautiful Juvenile Tales. 

Ele^ntly printed ia colon, 4 to, fan 07 ooTori ■ 圍 
" Children id the Wood," " Little Red Rid;ng 
Hood," "Jack and the Bean Stalk," ''Jack the 



Giant Killer." Per doi. 



Nursery Rhymes, Old & New. 

10 different yarieties, in fancy oorerti per dos. 

Picture ABC and Primer. 

With numerous ilIaatrationB, fanoj ooren. 
Per dos 
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